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FOREWORD

This report presents the results of a study performed under Contract NOOI23-
75-C-1265 to develop and document a system procurement documentation guidebook con-
taining standard key words, phrases, and contractual clauses establishing survivabifity/
vulnerability (S/V) requirements applicable to DoD aircraft. The report is intended for use
by all DoD systems engineering organizations responsible for relating S/V requirements in
requests for procurement of aircraft and related systems.
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The work was sponsored by the JTCG/AS and was accomplished by Armament Sys-
tems. Inc., Anaheim. California. Mr. George E. Moncsko. NWC Code 4083. was the Project
Manager/Monitor. Armament Systems personnel responsible for the preparation of this
document were Mr. John J. Morrow, Mr. Robert A. Burris, and Mr. David J. Watson.
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NOTE

This guidebook was prepared by the Design Criteria and Industry Interface Sub-
group of the Joint Technical Coordinating Group on Aircraft Survivability in the
Joint Logistics Commanders Organization. Because the Services® aircraft surviva-
bility development programs are dynamic and changing, the report represents the
best data available to the subgroup at this time. It has becn coordinated and
approved at the JTCG subgroup level.
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1.0 INTRODUCTION

1.1 OBJECTIVE

This report is intended to provide guidelines for the preparation of procurement speci-
fications for aircraft survivability enhancement equipment. for the survivability/
vulnerability (S/V) tasks associated with the procurement of a total aircraft system or its
related subsystems. und also for the modification of current fleet aircraft to their related
subsystems.

1.2 APPLICABILITY

It is intended that these S/V procurement guidelines be applied to the procurement of
all military aircraft. aircraft subsystems, and aircratt components which can cither lose their
functional capability or have their performance degraded as a result of interactions with the
damage mechanisms of threat weapons. The guidelines should be applied to preliminary
design programs, to research and development programs, to production programs. and to
programs which will retrofit or modity existing systems.

1.3 SCOPE

These guidelines include general requirements statements for the establishment of a
SV program. requirements statements tfor reducing the susceptibility of the system to the
threat weapons. and requirements for the reduction of vulnerability to nonnuclear. nuclear.
and laser weapon etfects. Requirements for S/V assessments and the veritication ot vulner-
ability levels and survival enhancement features are also included. Although nuclear and
luser weapon effects are included. the major emphasis is on the reduction of susceptibility
and vulnerability to conventional weapons and the establishment of the S/V program.

1.4 FORMAT AND USE

The general format of this document combines a description of the subject or problem
tor which a S$/V procurement specification statement may be needed along with represen-
tative examples of such statements. The report format is varied to be compatible with the
subject matter of the individual sections.

These guidelines present alternate language for both general requirements and specific
requirements as well as alternate language tor both qualitative requirements and quantitative
requirements. The general and qualitative language should be used it it is desired to give the
bidder or contractor ftlexibility to conduct trade-oft studies in the development of the
quantitative requirements.

The general requirements section presents procurement guidelines for establishing and
maintaining a SV program. The section is scoped to include all the elements of an aircratt
development program — various elements of the program are identified and sample state-
ments are presented. The user should compare his actual needs with the elements of this

v

A

s
-
~




¢ P A A A A AR e e T TN Ve N - . e Sl Pl S palh sk " X LRl PRad S bs AVl DA v A Ban ara ath ee ush s mee o
§ .-
o,

JTCG/AS-77-D-001

7
e suideline and select those which are applicable. The wording of the statements should be

. caretully analyzed betore being used in a specification. There should be no hesitancy to

S modify these statements to improve their applicability. scope, or wording. (This analysis and

tailoring of the requirements statements applies throughout the sections of this document. i
- These are guidelines only.)

~

_ Sections 3 through 6 apply to specific characteristics and subsystems ot the aircraft
and should provide assistance for all aspects of a survivability enhancement program. The
requirements statements have been taken from actual procurement documents with modifi-
cations to broaden their applicability.

Sample statements referring to a threat weapon and, where applicable, its energy

l level(s), appear throughout the guidelines. In many cases, blanks are left in the statements
and the design threat must be inserted. In other cases. these blanks were filled with represen-
o tative values to assist the user in establishing magnitudes or in identifying variables. These
items are either underlined or enclosed in parentheses (or both). The user of these state-

ments must select the actual values and variables to be used. based on the employment of
the system or aircraft and the threat damage mechanisms tor which it is to be designed.

Where applicable and available, alternative requirements statements are presented for

the sume subject. Usually these are in the form of a general requirement versus a specific

- requirement or a qualitative requirement versus a quantitative requirement. There are also

) alternatives in the assessment and verification sections that represent different program
philosophies and varying degrees of available detail.

Simple appendixes have been included to assist the user. These include a set of detini-
tions of S/V terms used in the document. an unclassitied listing of applicable weapon
parameters. a set of definitions tor kill levels (kill criteria). and the identification of the
documents used in the preparation of these guidelines.

i T S

U I B )

de ettt ls

gl.

The most important tactor that can be stressed here is the need to modity these
o requirements statements to meet the needs of the program.

'-::.'. 2.0 GENERAL SURVIVABILITY/VULNERABILITY REQUIREMENTS

S There are several general requirements statements that should be included in the sur-
vivability specification. These include:

d. A statement of the scope ot the survivability specitication.

b. A general requirements statement or statement ot the objective of the survivability
specifications.

¢. A definition of the required S/V program.

d. A statement that detines the required S/V organization tor the procurement.
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An identitication of the required S/V plans. procedures. and program reviews.

]

f. A general specification of the threats to be considered in the program.
= An identification of the kill criteria to be considered in the program.
h. Applicable retference documents.

Each of these subjects is discussed in the tollowing paragraphs and cach discussion
includes a representative paragraph. Each representative paragraph is provided to serve asa
guideline only. and is to be used only after appropriate tailoring or modification to meet the
needs of the specific procurement specification for survivable aircraft and aircraft systems.

2.1 SCOPE STATEMENT

The scope statement sets the general limits of the system survivability procurement and
should contain the tfollowing types of information:

a. A specitic reference to the procurement program to which the specitication applies.
b. The procurement document(s) which interfaces with the specification.

¢. The extent ot the application of the program to nuclear. nonnuclear. and other
types of threat weapons and survivability enhancement considerations.

Jd. The program elements included in the specification.

The existence of requirements for trade-off studies or cost-effectiveness analyses in
the process of selecting survivability enhancement features.

[

A representative scope statement is as follows:

“This document establishes the survivability/vulnerability (S/V) program requirements
in the design and development of the (aircraft, aircratt subsystem. or component). It is to be
used in conjunction with the statement of work for this procurement (and, if not actually a
part ot it, the system specification). The requirements of this document cover both nuclear
and nonnuclear weapon effects protection together with other survivability enhancement
clements, This specification includes the requirements tor a S/V program. a S/V program
organization. SV plans. procedures. assessments. and validations. This specification also
includes the identification ot the threat weapons and the survival enhancement requirements
with respect to these threat weapons. Trade-oft studies and cost-effectiveness analyses are
specitied to identify and incorporate the best survivability enhancement design features.”

2.2 GENERAL REQUIREMENTS OR OBJECTIVES STATEMENT

The general requirements statement identifies the overall objectives of the S/ V specifi-
cations tor the procurement. It states the overall S/V requirement. the general objective of
the survivability enhancements, and general requirements tor ballistic protection and system
redundancy.

- . a
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The following are representative general requirements statements:

“The contractor shall develop and implement a Survivability/Vulnerability (S/V) Pro-
gram Plan to insure proper emphasis on nuclear and nonnuclear survivability in system
design, development. tabrication, and test. Emphasis is to be placed on the development of
optimum quantitative requirements and sound planning for implementation of the S/V
program during all phases of the system design and development. In the implementation of
the S$/V program. the survivability of the aircraft system shall be enhanced by the effective
b cmplovment of design features that (1) minimize the observable signatures of the aircraft.
: (2) employ countermeasures or counter-countermeasures, {3) minimize vulnerability to nu-
clear and nonnuclear weapon etfects. and (4) minimize vuinerability to external triendly and
L hostile electromagnetic environments.™

- The following paragraphs can be used to specify general envelopes from which protec-
tion is required.
N 4. Attack aircraft or aircraft exposed to surface-to-air small arms fire and antiaircraft
weapons:
[
“Maximum protection of the lower hemisphere of the aircratt {including
- (above/below) the horizon] is required. Upper hemisphere vulnerability shall be
- minimized to the greatest extent practical. especially from HEI projectiles.™
- b. Aircraft exposed to an air-to-air cannot threat:
+
A

“Maximum protection of the aircraft for all projectile trajectories from within a
—2 cone about the rear of the aircraf't is required. The centerline of this cone is to
be on the aft projection in the direction of tlight of the aircraft.”

¢. Aircraft exposed to air-to-air and surface-to-air missiles:

= “Maximum protection is required for fragments emanating trom missile detonations
at any direction from the aircraft.”

The following paragraph presents a general statement of the requirements for indepen-
o dency and separation or isolation for the establishment of redundancy as a survivability
enhancement feature.

*Redundancy of critical subsystems requires that each be independent of the other and
that each subsystem be capable of pertorming all essential functions whenever the counter-
part subsystem is incapacitated tor any reason. It is also required that each subsystem be
sufticiently separated or located within the aircraft so that direct ballistic impact, impact
from spalled round, catastrophic mechanical failure. jamming, or fire/overtemperature do
not incapacitate both a critical subsystem and its counterpart subsystems.™
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2.3 SURVIVABILITY/VULNERABILITY PROGRAM REQUIREMENT

This section of the §/V procurement specification establishes the requirement for the
contractor to develop a program for the implementation of survivability enhancement con-
siderations during the design and development processes.

“The prime contractor is responsible for total system survivability. This responsibility
includes the provision of S/V support in the design process and continuing S/V review
during the development phase of the program. The contractor will develop and implement a
Survivability;Vulnerability Management Program. The program shall: (1) identify the S/V
organization responsible for the conduct of the program. interfaces, and authority: (2)
outline the method(s) by which the S/V program will be conducted. the relationship of the
S:V program to other program tasks/events. and the funding level associated with each task
in the work breakdown structure (WBS): (3) specity the procedures required for the con-
duct of the S/V program (e.g.. implementing S/V requirements into design, program control.
ete.): and (4) plan and schedule program reviews.”

If the specification is tor a total aircraft systetn. the responsibilities of the S/V inter-
faces between the prime contractor and the propulsion subcontractor must be established.

“The prime contractor shall coordinate with the propulsion subcontractor in order to
establish a total system S/V program. Respective responsibilities for analysis and design shall
be mutually established and agreed upon between the prime contractor and propulsion
subcontractors. Specific attention and support should be given to the development of ettec-
tive trade-ofts between performance. IR signature, and smoke abatement.”

2.4 SURVIVABILITY/VULNERABILITY ORGANIZATION

This paragraph in the specification describes the S/V organization that is to be estab-
lished to conduct the S/V program.

“The contractor shall develop and statt a S/V organization responsible for the conduct
of the S-V program. This organization shall intertface with all relevant design, support. and
program management activities so that the S/V requirements are effectively incorporated
into the system. The relationships to each activity shall be defined. The responsibilities and
authority ot the S/V engineering organization shall be described to indicate its influence in
the design and development program.™

2.5 SURVIVABILITY/VULNERABILITY PROGRAM PLAN,
PROCEDURES. REVIEWS, AND REPORTS

2.5.1 Survivability 'Vulnerability Program Plan and Procedures

This section of the specification describes the requirements of the SV Program Plan.
the procedures required to implement the plan. and the establishment ot S/V program
reviews and reports to monitor the implementation of the plan. A representative statement
of the requirement for the SV plan is as tollows:

-
-
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“The contractor shall develop and implement a Survivability/Vulnerability Program
Plan to assure proper emphasis on nuclear and nonnuclear survivability in system design,
development, tabrication. and test. The plan shall outline the method by which the con-
tractor proposes to conduct the program tasks tfor which he is responsible, The interfaces
N with other program tasks and events shall be clearly shown and described. Each task in the
plan shall be identified with the work breakdown structure so that traceability and monitor-
! ing of funding may be accomplished. Emphasis is to be placed on the development of
- optimum quantitative requirements and sound planning for implementation of the S/V
. program during all phases of the design and development. The program plan will also include
the schedule and tormat for the reporting of S/V data.

£ “The S/V Program Plan shall describe a continuing program and shall include. but not
L < be limited to. the following procedures:

oL a. An organizational structure with S/V personnel at a level such that survivability
enhancement and vulnerability reduction requirements and design techniques are
effectively implemented throughout the design process begtnning with the carliest
phases of preliminary design.

b. A procedure for implementation of $/V requirements by uassociate contractors or
- subcontractors.

i ¢. A procedure for conveying the latest S/V information, guidance, and design tech-
niques to the design. analysis, and management activities involved in the design and
o development of the aircraft system, its subsystems, or components.

R d. A procedure for the control and monitoring of S/V program funds and
o expenditures,
‘ Y

&

Y . . . N . .

o e. A procedure through which the designers are to provide the S/V engineering and
- analysis organization with the information needed tor each ot the program tasks
"'i including S/V assessments. trade-off studies. and cost-eftectiveness analyses so that

these efforts retlect the current status of the design.

o f. A procedure for implementation and control ot developmental, evaluation. and
verification tests and analyses.
1SR
o o, A continuing analytical methodology to assess S/V levels based on the specified
@ threat. The assessments are to support survivability enhancement and vulnerability
reduction design studies. trade-otfs. and cost-effectiveness analyses. They are to be
L conducted throughout all phases of design and acquisition as an iterative process
" whereby quantitative S/V levels are continually updated and the current levels are
e available for review and evaluation at any time during the program.™

® 2.5.2 Survivability/Vulnerability Program Reviews
".-',: =S’V Program Reviews shall be planned and scheduled to permit the prime contractor
" and government representatives to periodically examine the status of the $/V program.
I . . . - . . . ‘g .

iy including results achieved. These formal reviews shall be at preplanned points identitied in ]
SN the S'V Program Plan. They shall be coordinated with overall program reviews. design
I " o

&
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N
z reviews, inspections, cte, The prime contractor will prepare and submit at the first review a
document detailing all §/V considerations which have taken place prior to the first program
- review.

g “The program reviews shall include, to the extend applicable. the following:

\ a4, A review of current S/V estimates and achievements for each specified threat and
- requirement,

f.:- b, A review of §/V design features and a comparison with system requirements.

- ¢. An identification ot problem areas or arcas of noncompliance with requircments
- and proposed plans tor correction.

R d. Status and results of trade-oft studies conducted for $/V engineering.

- ¢. Mockup review ot S/V design features. This shall be conducted during preliminary
design reviews and critical design reviews of the system,

:.. . Review of all verification testing and results.

\'f ¢. Procedures to assure that appropriate personnel trom the S/V organization partici-
:' pate in the design reviews tor approval ot the design.

{"’ h. Identification of the principal items inhibiting S/V planned achievement and pro-
- poscd solutions.

i 1. Status of S/V program tunds. expenditures. and allocations for future tasks.

_-f: j-  The documentation of the results of design reviews.”™

- 2.5.3 Reporting

Documentation ot the S/V program must be called out in the procurement specifica-

tion. The following is an example of such a procurement statement.

Y *The following S/V engineering reports shall be prepared and submitted in accordance
with the contract data item descriptions and requirements:

[ ] a. S/V Program Plan.

o b. SV Procedures.

o ¢. Mission/Threat Analysis.

[ .

v Jd. Flight Mission Essential Functions and Subsystems/Components Identification.

 J . .

" ¢. Fuailure Mode and Effects Analysis.

- t.  Damage Mode and Effects Analysis.

. g, Vulnerability Assessments.

J \'
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h. Survivability Assessments.
i. System Cost-Etfectiveness Analysis.
}. Design S/'V Status.

The updating and resubmittal of cach report shall be accomplished by the contractor as
shown on the DD Form 1423.”

2.6 SURVIVABILITY/VULNERABILITY TRADE-OFF STUDIES

Trade-oft studics and system cost-eftectiveness analyses should normally be specified
to identity the best survivability design teatures consistent and compatible with the ex-
pected threat, mission requirements, and performance requirements of the aircratt. The
procurement statement may be general or may define specific trade-offs required for the
program. A typical general statement 1s as follows:

“Trade-off studies shall be conducted continuously during concept tormulation. con-
tract definition, engineering development. and production to identity and justity the selec-
tion ot survivability enhancement features.”

2.6.1 Survivability/Vulnerability Optimization Study

The following requirements statement represents an alternate way in which to specity a
eeneral S,V trade-oft study:

“The contractor shall conduct a Survivability/Vulnerability Trade-off Study to opti-
miz¢ system survivability by a continuous cvaluation to provide the best combination of
svstem elements for the least vulnerable (most survivable) design in terms ol performance.
schedule, and total system cost. This study shall show the effects of vanations in cach
stenficant survivability parameter varied individually so that relative effect on total system
performance. schedule. and cost can be determined. The tollowing tactors shall be con-
sidered in accomplishing the trade-ott studics:

a. Ballistic vulnerability reduction with respect to the basic and alternate threats.

b, Reduction of clectromagnetic. infrared. radar cross section. acoustic, and visual
signatures,

¢. Reduction of vulnerability  to external friendly and hostile clectromagnetic
anvironments,

doAurcratt weight and performance penalties.
¢.  Enhancement of crashworthuness Gt applicable),

t. Bffect on performance. empty  weight, maintaimability,  rehability. cost. and
schedule.
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“The contractor, as a result of the trade-off study. shall present the following results:

a. Recommendations and alternatives regarding optimum design.
b. ldentification of those areas where it has been necessarv to deviate from normally

accepted design practices in order to provide occupant protection throughout the
95th percentile accident environment.”

2.6.2 Subsystem Trade-off Study

Trade-oft studies are particularly important when the protection concepts inherently
involve significant weight or cost penalties. Perhaps the best example of this type of study is
the analysis to determine the effectiveness of ballistic armor and the associated weight and
cost (the required space tfor armor installation may also be critical) increments. The trade-
off study. as shown in the tollowing example. may involve variations in threat or in
coverage.

A comparison shall be made of armor protection alternatives tor the aircrew and
tlight critical components. The results ot this comparative study shall include weight and
cost ditferences tor cuch armor configuration alternative. the survivability protection pro-
vided with cach design. and the performance penalties (it any) incurred with each level of
protection, The baseline study tor the crew station armor protection shall completely pro-
tect the crew members from the applicable damage mechanisms (blast. fragment spray. and
projectile or core penetration) from all aspects with the exception of the canopy and
windshield arcas. The addition of armor or more armor to protect the flight critical com-
ponents as well as any other components shall be considered only after all other types of
vulnerability reduction have been explored.™

The baseline and alternative armor configurations need to be turther specitied the
respect to the threat projectile impact velocity (slant range). and impact obliquity design

requirements.
The baseline armor configuration should provide protection against the pro-
jectile fired from {fect or meters) slant range (or at an impact velocity of. feet or

meters) per second and impacting at
specitied for the baseline configuration.)

obliquity. (More than one threat may be

Similar specification statements should be prepared for the threats of alternate protee-
tion configurations. The alternate protection levels may also be specified as being adaptable
to in-field installation if it is shown to be desirable to provide a kit tor upgrading the
protection level to meet a more severe threat. A typical specification statement for such an
armor approach is as tollows:

“The second level of armor protection should be identical to the hascline level but
must have provisions designed directly into it tfor increasing the protection level to defeut
the projectile impacting at (feet or meters) per second and at S obliquity. This
increased protection capability must be able to be incorporated into the aircraft through
in-field installation of additionatl armor. tipping plates. ete. These provisions shall include
additional armor attachment points. mounting/support brackets, clearances between sur-
rounding structure’components and the basic armor. beefed-up structural support members,
ete.”
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An additional armor trade-ott study that may be useful determines survivability protec-
tion, installed armor weight and cost. and any applicable performuance increments as a
function of armor protection level (protected aspect. impact velocity. obliquity. ete. ) This
could be specitfied with a paragraph such as the following:

“An armor trade-oft shall be performed to determine the effect on armor protection
level, weight, and cost and the effect on aircraft performance resulting from a systematic
variation of the aspects from which the threat will be defeated. the impact velocity, and the
limiting angle ot obliquity.”

All armor trade-ott studies should include the following documentation requirement:

“Supporting data (including drawings, if necessary) should be provided to allow com-
plete and thorough evaluation of the armor system. This applies to crew stations and any
other areas on the air vehicle where ballistic protection is provided.™

Similar trade-oft and ettectiveness study requirements can be written tor other vulner-
ability reduction concepts such as foams within fuel tanks. void filler toams. setf-sealing
tanks and lines. redundant subsystems or components, or damage tolerant structures.

Another tvpe of trade-oft study which should be conducted is aimed at identitying
survivability enhancement teatures which will result in a total aircratt system with balanced
survivability, System vulnerability reduction, the reduction of detectables, and the employ-
ment of survivability aids are all considered in the definition of this balunced survivability
design. The study should also provide justification for the selection of the survivability
enhancement features,

A trade-oft study shall be performed to identify and select the vulnerability reduction
features. the techniques or materials/components tor the reduction of the aircratt’s detect-
ables, and the survivability aids that result in an optimum total system survivability based on
mission completion requirements or total program tlife cycle) costs.™

An optiona) way to state the requirement is as tollows:

“*The aircratt system shall be subjected to a system cost-eftectiveness analysis to sup-
port trade-oft studies of candidate survivability enhancement technigques and design features
as they attect mission capability and aircratt attrition. These analyses shall be used to
identify the most effective survivability teatures to be incorporated into the design configu-
ration. Any proposed changes of survivability teatures in the design shall be supported by
appropriate svstem cost analyses. This shall include detectables Ginfrared. radar cross see-
tion, visual, aural) and survivability aids i.e.. electronic countermeasure (ECM), electronic
counter-countermeasures (ECCM), ete.]. The analysis method shall be as specitied in the
aircraft svstems specification and the results submitted to the procuring activity for
approval.”
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2.7 THREAT

The survivability of an aircraft. its subsystems, and its components and the enhance-
ment of this survivability is directly related to the design threat. The procurement specifica-
tion must. as a minimum, identify the specific weapons to be considered and. where
applicable. the encrgy levels of the threat. It a kinetic encrgy projectile is to be considered,
the specification should identify the projectile and c¢ither the impact velocity or the slant
range at impact, L.

I.‘l-"

“12.7-mm API, Type B-32. Soviet, impacting at

LR
)
PN

tt/sec.”

+
‘)

“14.3-mm APIL. Type B-32, M1932, Soviet. Hardened steel core at
range.”’

feet slant

W .
.Y

*105-grain fragment impacting at tt/sec.”

R MM

High explosive projectile should include the type of tuzing:

ﬂ *23-mm HEIL-T. Type OFZT. with MG-25 fuze impacting at ___tt/sec.”

*23-mm HEI-T. Super-quick fuzed projectile with A-23 or K-23 fuze, impacting at __
't/ sec.”

- The threat dcefinition, particularly with missiles. may consist of no more than an
£ identitication of the weapon.

w Note that some subsystems may have diftferent design threat requirements from others
in the same aircraft. Also. the threats of S/V assessments and trade-oft studies may be
o different than the design threats,

2.8 KILL CRITERIA

The Kill criteria, or Kill tevel, is the measure of the degree of performance degradation
of a target or target element as a result of exposure to the threat weapon damage mecha-
nisms. The specitied kill criteria will vary depending upon aircraft type. application. and
prioritics. A number of criteria have, therefore, been developed to measure the degree of
performance degradation. These individual criteria are defined in Appendix D.

The kill criteria may be applied to the total aircraft or to individual subsystems and
components. The criteria include a set of time-based attrition Kills (e.g.. KK, K. A. and B),
mission-related or mission-limiting measures. and measures retated to the magnitude of the
maintenance requirement resulting from the combat damage. There is also a kill criteria
(E-kill) which denotes damage to the aircraft which will result in turther damage upon
landing.

Kill criteria must be selected tor the procurement and might be specitied as tollows:

“The following Kill criteria will be emploved in the vulnerability assessment.” (Selected
criteria would then be identified along with definitions. )
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2.9 REFERENCE DOCUMENTS

The survival enhancement program requires the use of standird reference documents
such as regulations and standards. Those used should represent the required system or
subsystem technology for the procuring agency. A typical introductory statement for appli-
cable documents in the specification 1s as follows:

“The following documents of issue, in effect on the date ot this specitication (state-
ment of work). form a part of this specification (statement ot work) to the extent specitied
herein. In the event of a contlict between a document referenced herein and the contents of
this specification (statement of work), the contents ot this specification (statement of work)
shall be considered a superseding requirement.”

Report JTCG/AS-74-D-003, Documentation of Survivability/Vulnerability Related Air-
craft Military Specifications and Standards. is a comprehensive source for the identification
of reference documents: Report JTCG/AS-74-D-002, Proposed MIL-STD-XXX. Aircraft
Nonnuclear  Survivability/Vulnerability Terms, defines S/V  related terms: Proposed
MIL-STD-XXX. Nonnuclear Survivability Program Requirements tor Aircraft (JTCG/AS
Task 5.1.8.X.6) will detine a nonnuclear program and its requirements.

3.0 SUSCEPTIBILITY REDUCTION

Survivability is a function of two general types of variables: those that define the
susceptibility of the aircraft to exposure or interaction with the threat weapon kill mecha-
nisms, and those that define the reaction of the target to the threat weapon exposure or
interaction. This section of the Survivability/Vulnerability (S/V) procurement guidelines
deuals with the requirements tor reducing susceptibility and is subdivided into three major
arcas: the reduction of detectables. the employment of countermeasures, and the minimiza-
tion of vulnerability to external electromagnetic environments. Each one. or a combination
of the three. can be used to deny or degrade the susceptibility of the target to the threat
weapons.,

Each representative paragraph or sample statement in this section is provided to serve
as a guideline only. and is to be used only after appropriate tailoring or modification to
meet the needs ot the specitic procurement specification for reducing susceptibility.

3.1 DETECTABLES

The detectables include all signatures which can be used to detect and track the aircraft
as a target, The selected requirements may include both signature analysis and reduction.
General paragraphs tor analysis and signature reduction are as tollows:

AN aircratt signature analysis shall be conducted and maintained to assess the compat-
ihbility of the contiguration and design teatures with minimum radar. infrared. visual, aural.
and electromuagnetic signatures ot the vehicle. The results of this analysis will be used as
guidunce for minimizing the aircraft signature through design wherever practical.
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A signature reduction program will be conducted concurrent with the development
program to ensure that the design meets the criteria contained in the signature level speciti-
cation, As a minimum. the signature reduction program will develop information and data
to establish and substantiate the signature levels of the aircratt.”

.
gt
PR
4 a2 -

5 An alternate general statement tor signature reduction is:

“Effective reduction of aircraft detectables shall be accomplished for the hostile threat
systems detined in the mission-threat analysis.”

The latter statement, however, is ambiguous because the word “etfective™ is not detined.

3.1.1 Radar Cross Section

antiaircraft guns 23-mm or larger and many of the surface-to-air and air-to-air missiles. The
radar cross section (RCS) requirements are normally specified both in terms of signature
reduction and signature analysis. The analysis requirement should identity the threat wea-
é pons to be considered (usually through reference to the threat specification) and the fre-
1 quencies to be investigated.

Radar fire control systems are employed by, or are an employment option of, most

*An analysis shall be conducted to determine the radar retlectivity of the aircraft and
to identify the primary sources of reflectivity. Radar signatures will be estimated for the __
j trequency bands associated with the hostile threat systems defined in the specification
’ (statement of work). The analysis shall provide the basis for RCS reduction allocations
; (both for the prime contractor and associate contractors or subcontractors) as applicable.
The magnitude of RCS reduction achievable on aircraft components shall be analytically
- determined and the contribution of cach component to the radar signature of the complete
aircraft shall be determined. An analysis shall be conducted to determine and reflect the
further RCS reduction possible and the methods, costs. weight, volume. etc.. involved in
Y achieving these levels,”

A representative RCS reduction requirements statement is as follows:

- -

- “The radar cross section signature shall be minimized for those aspect angles and
g frequencies associated with the hostile threat systems defined in the aircraft S/V specitica-
. tion and statement of work. The contractor shall clearly define his concept of design
9 requirements. problems, and proposed solutions associated with achieving the minimum
- practical radar cross section (RCS) for the individual aircraft components and the complete
. aircraft, RCS reduction materials, components, coatings, and application techniques pro-
- posed for uachieving a low radar signature shall be evaluated for structural integrity, vibra-
:,- tion. and compatibility with the operational environment of the aircraft.”

It may be desirable to identify the components/subsystems to be emphasized in the
RCS reduction. Typical elements ot a fixed wing aircraft are:

ey
LN

a. Fusclage.
b. Fuselage-wing-empennage intertaces.
¢. Canopy.
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d. Inlet and exhaust cavities including cavity termination.
¢. Radomes, antennas,
. External stores.

Typical elements of rotary wing aircratt are:

a4, Fuselage.

b. Main rotor blades.

¢. Main rotor hub,

d. Main rotor mast.

¢. Tail rotor blades.

f.  Tail rotor hub.

g. Tail rotor drive,

h. Cockpit canopy.

. Landing gear.

j. Intake and exhaust ducts.
k. Fusclage-sponson intertaces.

3.1.2 Infrared Signature

Intrared (IR) signatures are used as detection and guidance sources by both air-to-air
and surtace-to-air missiles. They must be considered in the development of a survivable
aircraft system. Like the statements on the radar cross section. the specification statements
on IR signatures should cover both the analysis requirements and the requirements tor
signature reduction,

A tvpical statement of the IR analysis requirement is as follows:

“The sclection of an engine cycle shall be made with consideration given to the IR
signature. An analytical assessment of the [R radiation in the —_-micron bandwidth range
shall then be performed. The tollowing information and data relative to this assessment shall
be developed.

a4, Estimated unsuppressed radiation levels in cach of the specitic bandwidths tor cach
of the primary sources. i.c.. engine hot parts and exhaust plume: and tor secondary
source radiations such as gearboxes. oil radiators, engine cowls, solar reflection. cte.

h. The method(s) for predicting the radiation of the various sources.”™

The IR signature reduction requirement must address the signature of the propulsion
system and any other heat sources. or areas of retlection of IR energy. A representative IR
signature reduction requirement statement is:

“Techniques to reduce the infrared (IR) radiation signature in the —__=micron band-
width shall be addressed (provide signature reduction. cost and weight increments, and
performance degradations) to provide o minimal practical heat source and heat retlectivity
envelope, The techiniques to be employed shall address, but not be limited to. the tollowing
primary and secondary [R sources:
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Engine hot parts,

Tail pipes and surfaces heated by exhaust gas impingement.
Exhaust plume.

Gearboxes and transmissions.

Acrodynamically heated surtaces.

Solar reflection.

“Based upon the assessment of the IR radiation levels of the basic aircraft. design data
tor IR suppression to reduce the radiation levels to those prescribed by the specitication will
he developed and the following information provided.

A description of the complete IR suppression system and total weight tincluding
such components as tailpipes, tans. lines, shields. insulation brackets, and cowling)
with the location of the system within the aerial vehicle clearly indicated by a
phantom three-view drawing. The description will include the main powerplant
installation including selected arrangement, shielding. and tailpipe configuration.

A complete tailpipe description with scale drawings showing geometry. weight,
intertace. cooling techniques, and materals. Heat transfer data and analysis tor the
selected cooling technique shall be provided with a definition of cooled area.

A complete description of the suppressor cooling system including type, size. lines.
weight. arrangement, mass tlow. pressure rise. and power required.

Suppression concepts for reduction of radiation from the airframe shall be defined
hy drawings or other techniques. An analysis ot surtace finishes in relation to bright
sun conditions,is to be presented.”

3.1.3 Visual Signature
The visual stgnature of the aircraft is the detection and tracking signature tor small
arms and machine gun type weapons and is an alternate tracking signature for several of the

radar-directed weapons,

A visual detection assessment shall be conducted to assure the following:

Maximized use of nonretlecting and camoutlage paints to minimize detection trom
the ground and from the air during low altitude or nap-of-the-carth tlight.

Engine exhaust (flame, plume, or glowing hot metal parts) is not visible to ground
ubservers at night.

Use of window and windshield designs and materials to minimize the detection
hazard through retlection of sun or other light sources consistent with good crew
vision in davlight and darkness and minimal use of curved. highly retlective, trans-
parent surtuces,

Mimimum visual signature. at mght. resulting trom cither internal or external air-
craft lighting,™
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3.1.4 Aural Signature

The aural signature is a primary detection source for the short-range. hand-held. and
crew-served weapons, Two types of procurement requirements statements have been em-
ploved for aural signature reduction and both will be illustrated here, The first is u genceral
requirements statement: the second provides specttic quantitative requirements.

“The aural signatures shall be minimized to the most ettective levels practical as deter-
mined by survivability and system cost-ettectiveness analyvses and trade-oft studies.”

The more specific requirement applies to a helicopter procurement but would also be
applicable to any system which must operate close to the threat weapons.

“The contractor shall clearly define his concept of design requirements for achieving
the minimum practical noise signature. External noise shall be reduced as much as possible
within the constraints of performaiice. transportability. cost, and other relevant trade-offs.
Emphasis shall be placed on the reduction of low frequency noise generated by the main
and tail rotors, particularly that referred to as blade slap. Rotor rotational noises, main rotor
vortex noise, gearbox noises. and turbine engine noises shall also be consideved. The contrace-
tor shiall describe cach concept to be considered in the noise reductions.

“The contractor shall relate the noise signature level to detectability range at various
altitudes and ambient noise levels. An external noise survey shall be conducted in accor-
dance with applicable requirements.

“The desired design goal noise levels shall specify a maximum distance at which the
aiven aireratt can be heard by the unaided car. The ambient noise level. including meteoro-
logical data, at the listener location shall also be specified. These design goal external noise
fevels shatl be derived from a combination of the following:

a. The band noise levels at the threshold of audibility for the maximum hearing
distance (the band noise shall be increased in intensity to account tor the total
absorption of sound between the maximum detection distance and some conven-
rent nearby test measurement distance.)

b. The allowable noise levels radiating into the aircratt personncel area as specitied by
MIL-A-8806A.™

“The desired design goal noise levels are shown in the tollowing table and shall be
measured as tollows: (The underlined numbers are representative values. The actual values
ased in the procurement should be determined through an analysis of the mission
requirements.)

&4 Forward tlight measurements tor desired design goal noise levels shall be recorded
at three points along a normal to the flight path ground projection at (500) feet to
cither side and at the intersection. Data shall be continuously recorded on separate
tape tracks tor a (200)-foot altitude flight. trom (5000)-feet inbound through
¢ 1000 -teet outbound.
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‘ b. The desired design goal noise levels shall be measured at (200) teet in any direction
while the aircraft is at a (30)-foot hover.

: Both of the above measurements shall be recorded at the design gross weight of the aircraft.
) Accurate tracking data shall be concurrently recorded while monitoring meteorological
conditions. and just prior to the start ot a flight run. a brief sumpie of ambient noise shall be
v recorded.

“The data system shall have a frequency response of (=1} db from (4) Hz to 15 Hz.

Data analysis shall produce (0.5)-second interval primouts—of (400) meters second time
'_:-" averaged data for the duration of the test run.”

A
- DESIGN GOAL EXTERNAL NOISE LEVEL
TT-,' Frequency Sound Pressure Level (db)

- Band Center (db reference = 0.0002 dync,’cm:)

¢ Overall 90

.- 22.4-447 31.3 85
. 44.7-389.2 63 85
- 890,2-178 125 85
L 78 - 333 230 83

5 335-709 500 88

09 - 1410 1000 33

1410 - 2820 . 2000 81
R 2820-35630 4000 76
e 3630- 11200 8000 72
.' {The values in the above table and the quantitative values in the preceding paragraph are

p— representative values and should not be used without verification that they will result in the
y desired requirement for the procurement.)

3.1.5 Electromagnetic Radiation Detectability

“Electromagnetic radiation external to the aircratt shall be climinated when feasible or
reduced to the minimum practical level consistent with the operation and performance of
the systems and subsystems of the aircratt,”

(- 3.2 SURVIVABILITY AIDS

- Countermeasures can be applied to reduce the effectiveness of detection and tracking
. svstems hased on any system signatures ot the aircraft. The development ot the counter-
’ measures, and counter-countermeasures equipments is based on comprehensive and highly
classificd threat assessments and requirements detinitions and is beyond the scope of the
. normal SV program procurement. There are. however. countermeasures employment and
-t provision requirements which should be invoked upon the aircraft design as a part ot the
- S.V program during design and development.
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A typical general requirements statement is:

“The survivability of the aircraft system shall be enhuanced through the use of counter-
measures or counter-countermeasures as required by the system specification (or as required
by survivability and system cost-etffectiveness analyses).”™

Another type of general requirements statement specities the equipments to be in-
cluded in the aircraf't or the cquipments for which provisions shall be included.

-

A radar warning receiver (typical:_____). a chaff dispenser (typical: ), and
provisions for electronic countermeasures pads (tvpicali—) shall be included in the

basic design of the aireraft system,™

Example procurement specification paragraphs are provided in the following sections
for countermeasures applicable to the individual signatures of the aircraft.

3.2.1 Radar Countermeasures
The following paragraphs may or may not be applicable to a particular system proctire-
ment They are provided as a representative ““shopping list”. Some ot them are contra-

dictory.

“Active electronic countermeasures shall be provided to protect the aircraft against the
radar-directed weapons included in the design threat of the statement of work.™

“The aircratt shall rely on passive electronic countermeasures to protect it against
radar-directed threat weapons. Active electronic countermeasures shall not be provided.™

“*Practical and economical state-of-the-art design techniques shall be used to reduce the
radar cross section of the aircraft to threat radars.”

“Radar countermeasures shall not contribute to the detectability of the aircratt.
Countermeasures systems, when in use, shall not interfere with or degrade the operation of
other aircraft systems,”™

3.2.2 Infrared Countermeasures

Several typical procurement statements dealing with infrared countermeasures are pro-
vided as examples:

“The aircratt will incorporate sutficient IR countermeasures to permit operations in
—— _threat environment,”

“Space. weight, and power provisions will be provided for active IR countermeasures,

technology permitting, in the form of detection and decoy devices or a jammer to allow
operations while maintaining any aspect angle with relation to the threat.”

18
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“Passive IR suppression will be designed into the air vehicle utilizing a combination of
hot metal and exhaust plume suppression. The maximum source intrared signature levels of
the aircraft. in the -micron bandwidth. shall not exceed —_watts per steradian ( _watts
per steradian desired) hot metal and watts per steradian (——watts per steradian desired)
exhaust plume COa. (It should be noted that these fevels are dependent on the threat type,
which will varv.) The total source infrared radiation signature is comprised of direct and
indirect radiation trom exhaust plume and hot metal parts and is measured at the emitter
boundary (no atmospheric attenuation).™

3.2.3 Visual Countermeasures

The tollowing paragraph is provided as represcitative of the visual countermeasures
requirement:

“Use shall be made of practical. proven. and economical state-of-the-art techniques to
reduce visual detectability. Examples of possible technigues are coatings. camoutlage paints,
and artificial illumination systems,”

3.2.4 External Electromagnetic Environments

The tollowing statement is provided as representative ot the external clectromagnetic
environments requirement.

*The aircraft shall be designed to provide sufticient protection against external friendly
and hostile electromagnetic environments to complete its mission in nonnuclear and high
altitude nuclear environments,™

4.0 REQUIREMENTS FOR NONNUCLEAR VULNERABILITY REDUCTION

This section presents requirements statements tor the reduction of vulnerability of
components of the various subsystems of the aircraft. Also included are system detinitions
and a listing of typical components for each system. These definitions and components lists
are based on AS-4310. Aircratt Maintenance Plan Analysis (MPA) Handbook. dated
7 August 1975. The definitions and component lists are included to illustrate the number
and variety of components in the various systems and the number of components that are
vulnerable to the threat weapons. Also included are some components which are not usually
considered in a vulnerability assessment.

Each representative paragraph or sample statement in this section s provided to senve
as o guideline only. and is to be used only after appropriate tailoring or modification to
meet the necds of the specific procurement specification for nonnuclear vulnerabihty
reduction,

19
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4.1 GENERAL REQUIREMENTS
4.1.1 Air Vehicle Design and Integration

.~
Each procurement should contain general vulnerability reduction requirements that are
applicable to all or several subsystems and to the integration of the subsystems into the air
vehicle. Two such requirements statements are listed below:

“The general design configuration of the aircraft system shall be arranged to obtain the
highest level of nonnuclear protection practical tor the least penalties. Techniques. such as
redundancy and separation, natural masking of essential components, location ot fuel cells
in relation to engine inlets to minimize ingestion of fuel leakage. integral armor. and isola-
tion of hazardous elements such as armament. oxygen containers, flammable tluids. ete.,
from sensitive or susceptible areas shall be considered in the design.™

“The predominate directions of impact for each potential hostile weapon system shall
be established. The type, size, and striking velocity of hostile weapon penetrators shall be
determined so that the characteristics ot potential damage mechanisis may be determined.
For high explosive projectiles and missile warheads. the blast impulse characteristics shall be
determined so that their effect upon the aircraft system may be assessed. The aircraft design
concept shall be developed using the damage producing charicteristic of the hostile systems
as a guide in the basic arrangement of the structure and subsystems to minimize repairs, The
above data shall also be used for the detail design of structure and subsystems.”™

4.1.2 Minimum Performance After Damage

“As u minimum. the aircraft shall be capable of continued safe operation for at least
minutes atter damage from any single hit by a:

a. -mm (API or API-T). Type____projectile impacting at a velocity of ___ ft/sec.
b.___-mm {HE or HEI-T), Type___projectile impacting at a velocity of ___ft/sec.
<. -urain fragment impacting at a velocity of __ft/sec,

“The flying qualities. for safe flight after sustaining the specitied hostile weapon ef-
tects. shall be no less than level 3 as defined in MIL-F-18372, MIL-F-8785B. or
MIL-F-83300 (AER).”

4.1.3 Secondary Thermal Effects

“Scecondary  thermal etfects. as a result of projectile impact. shall be minimized
throughout the entire airframe, These thermal ettects include burning fuel. hvdraulic fluid.
or oil: or “torching” from a damaged engine. The design must prevent fire and explosions in
all arcas of the airframe where failure to do so shall cause a forced landing.”™

The contribution of the oxygen svstem to the secondary thermal effects potential shall
also be considered.

20

CEPR B . o, . -
e . e “ e

Voo RIS v et et et et Ltem N
P N PR R B P PR VR PO W YW o8 AT v




@

.
Vatete

NN

PR

-"l:n'l

."-‘v L v h

At .
Yo ‘v LI

JTCG/AS-77-D-001

4.1.4 Reduction of Vulnerability to Batllistic Threats

A ballistic vulnerability reduction program shall be conducted concurrent with the
development program to assess effects ol design changes and to provide analysis and guid-
ance for controlling and reducing vulnerability by the most effective means. A vulnerability
analysis of the complete aircratt shall be conducted and maintained. The definitions.
criteria, and general methodology have been standardized by tri-service agreement.”

4.1.5 Combat Damage Repairability

“In the design phase. many candidate methods are availabie to the contractor to
produce a component or clement of a subsystem to pertorm a given function. In the process
of selecting the best combimation of design features in the end product. care shall be
exercised to ensure that cffective battle damage repairability is incorporated. The require-
ments tor combat damage repairability are intended as a general guide and do not limit the
sclections that can be made by the contractor to enhance repairability. As new materials and
construction methods are developed. new repair concepts are certain to be found. An
analysis shall be performed to establish the priorities for repairability tfeatures. Those items
that provide the greatest benefit in terms of minimum man-house, cost. and repair down-
time shall receive primary design attention so that the most effective subsystem designs may
be realized. The balunce of the items shall be ranked in descending order of importance.

“The design shall incorporate those features that will enhance rapid repair ot battie
damage. especially for forward arca mainienance operations.

“Component design shall be such that removal and replacement of battie-damaged
components can be accomplished by a minimal number of personnel using primarily the
eeneral mechanics tool box. Accessibility is also a prime design teature which reduces
downtime ™

4.1.6 Redundancy (See Section 2.2.)

42 FUEL SYSTEM

The fuel system is defined as those units and components which store and deliver fucl
to the engine. The system includes. but is not limited to. the tollowing types of subsystems
and components:

a. Fuel Storage System

1. Tuanks.
2. Bladders.
3. Ventlating system,
4. Tank interconnect svstem.
3. Fill system.
h. Distribution System
1. Plumbing.
2. Pumps.
3. Vilves.
4. Controls.
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3. Filters.
6. Lines.

¢. Dump System
1. Plumbing.
2. Valves.
3 Controls.

d. Indicating System

The fuel tankage and distribution system represents one of the largest subsystems of
the aircratt and is normally susceptible to a significant portion of the hostile weapons
ctfects. It unprotected. the tuel system is normally the primary contributor to aircratt
vulnerable arca. Protection can be provided through proper design consideration. A high
priority shall. therefore. be assigned to the design of the tuel system te reduce vulnerability
and to permit rapid repair or replacement of battle damaged components.

The combat damage failure modes of the fuel system include the following:

a.  Fuel starvation.

b. lIgnition of the fuel spray in voids adjacent to fuel tanks as a resualt of tank
penetration,

¢. Fire within the tank.

d. Explosion ot the fuel-air mixture in the tank ullage,

¢, Fuel leavage with migration to an ignition source.

t Tank orstructural failure due to hydraulic ram damage.

The proximity of a tuel tank to the engine air inlet system can also result in another kil or
damage mode due to the destruction ot the engine through fucel ingestion.

Additional specification variables which could attect the vulnerability of the tuel sys-
tem. ard theretfore must be considered. are contained in Appendix A,

Sample vulnerability reduction requirements statements tor the fuel system are given in
subscequent paragraphs.

4.2.1 Applicable References

Applicable reterences for the survivability and design ot the subsystem are given below,
Reference should also be made to report JTCG/AS74D-003. Documentation  of
Survivability: Vulnerability Related Aircratt Military Specitications and Standards.

a0 MIL-F-38363.
b, MIL-H-7061.
. MIL-T-2742.2.
d. MIL-T-3578,
. MIL-T-25783.
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f. MIL-C-83291.
u. MIL-H-18288.
h. MIL-P-d6l11.

4.2.2 Fuel Tank Materials and Design

The tollowing procurement statement describes the requirements for the selection of
fuel tank materials and the design of the tanks. Similar paragraphs are presented subse-
quently tor other aspects of fuel system vulnerability.

“Consideration shall be given to the selection of materials and construction type rela-
tive to the level of damage that can be caused by the ballistic impact of a projectile in the
liquid fuel sections. The amount of damage and resulting repair shall be minimized.

“For integral tanks. the construction, material, and design shall be selected to avoid
shattering and large area damage that would result in extensive repair efforts or be beyond
repair. For example, high strength sculptured skin with inadequate fracture toughness has
shown u tendency to experience large area holes accompanied by excessive cracking due to
ballistic impact.

“Integral tuel tankage shall also be designed by the use of structural design techniques
which limit the damage that may occur from the hydraulic ram effects caused by the
ballistic impact of u projectile in the liquid fuel sections.”™

4.2.3 Fuel Distribution Systems

“Fuel distribution line installations such as fuel teed, vent, and transter lines shall be
designed to he readily accessible and replaceable. Consideration shall be given to the design
of interchangeable fuel line sections that will minimize the number of spare fuel lines
required for replacement of damaged components.

“Fuel lines shall be shielded as much as possible and shall be routed in such a manner
throughout the aircraft to minimize the complete loss of the propulsion systems due to the
detonation and fragment spray of a single ______ projectile with tuzing.

“Fuel lines of 1-inch diameter or greater in which tucel is moved during flight and which
are located outside of tuel tanks or engine compartments/nacelles shall be of self-scaling
construction or shall be protected with selt-sealing covers.

“Fuel lines shall employ ballistic protection or other methods of protection such that
the aircraft can complete the mission after a hit from a -mm API (or HEI) projectile.
Protection of fuel lines and other critical tuel subsystenm components against zmm AP
tor HED projectile shall also be considered,™

4.2.4 Fuel Fire Protection

“The tuel system shall be designed to minimze foss of the aircraft trom fires and
explosions induced by single hits by API tor HED projectiles up to and including =M
projectiles. Compartments and spaces adjacent to and surrounding the tuel tanks will be
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designed to minimize loss of the aircraft due to the effects of tucel leukage and subsequent
tire. A minimum ot (3) inches of void filler (polyurethane foam per MIL-P-46111 or similar
material) shall be applied to all voids of (3) inches or greater around tanks containing
tflammable fluids and to all main supply lines trom those tanks or components. Equal or
more effective techniques, as determined by testing, may be used if desired.

“Any compartment containing flammable fluid-carrving lines shall be vented and
drained. Any such compartment containing sources of ignition will have either a fast-acting
tire detection and extinguishing system. an inerting system. or other fire protection mea-
sures such as fire retardant foams, intumescent paints, external void-filler foams. or other
techniques as approved by the procuring agency. Inerting and fire detection and extinguish-
ing systems. it used anywhere in the aircraft, shall cither be redundant, shielded. or installed
in such a manner that the system will continue to provide protection against fires and
explosions it hit by a single APl (or HED projectile up to and including projectiles.”

4.2.5 Fuel Management

“The fuel subsystem shall provide a two-way fuel transfer between all internal fuel cells
to provide the capability to transter fuel trom any one cell or tank to another and to
provide tor crossteed capability. Fuel tank selection switches and appropriate tuel system
equipment shall be provided to allow the pilot to either prevent the in-flight refucling of
battle-damaged fuel tanks or to prevent other fuel tanks from feeding a battle-damaged tuel
tank.

“All single-point taflure sites in the tuel system. especially crossteed points, shall cither
be climinated. shielded. or protected by armor to minimize the complete loss of the fuel
svstem due to single hits by API tor HEID) projectiles up to and including and
projectiles,”

4.2.6 Fuel Reserve

"A =minute or—nautical mile fuel reserve tor flight at maximum range airspeed
{without external ordnance) at the design gross weight shall be protected or self-sealed
against ___ projectiles.”

4.2.7 Electromagnetic Pulse and Lightning Protection

“All components of the fuel system shall be protected against the effects of electro-
magnetic pulses and lightning. Specitically, the fue! quantity measurement system shall be
designed to prevent arcing in the fuel tanks, This protection shall be of sufficient magnitude
to prevent ignition ot the fuel vapors.”™

4.3 FLIGHT CONTROL SYSTEM

The tlight control system consists of those units and components which turnish a
means of manually controlling the flight attitude characteristics of the aircratt. The system
includes. but is not limited to. the following types of subsystems and components:
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a. Control column linkage.

b. Rudder pedals.

¢. Control cables.

d. Tab controls.

¢. Hydraulic or electrical boost systems.
. Control surfaces.

& Actuators,

h. Bell crunks.

1. Push-pull rods.

). Pulieys.

K. Attach fittings.

. Hinges.

m. Position indicators,

n. Jackscrews.

0. Motors.

p. Control handles.

q. Electronic computers/mixers.

r.  Mechanical mixers/ratio changers.
s. Electrical circuits.

The flight conirol system is vulnerable. primarily to the penetration weapon effect
with the principal damage modes being the cutting. deforming. binding, or jamming of the
components of the system, Actuators are also vulnerable to the hydraulic ram damage mode
and nearly all of the components are vulnerable to burn-through or meiting trom secondary
tlame or hot gas cttects,

Additional specification variables which could affect the vulnerability of the flight
control system. and therctore must be considered. are contained in Appendix A,

Since the primary damage mode is the result of either a projectile or fragment impact.
the most trequently used protection concepts are to provide redundancy and to harden
ballistically, Sample vulnerability reduction requirements statements tor the flight control
system are presented in the subsequent paragraphs.

4.3.1 Appilicable References

Applicable reterences tor the survivability and design of the subsystem are given below.
Reference should also be made to report JTCG/AS-74-D-003. Documentation of
Survivability; Vulnerability Related Aircratt Military Specitications and Standards.

a0 MIL-F-18372,
h. MIL-F-9490.
¢. MIL-F-83300.
Jdo MIL-F-878S,
¢ MIL-H-8301.
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4.3.2 Primary Flight Control System

“The primary tlight control system shall be designed to preclude loss of flight path
control due to single hits by API projectiles up to and including ___-mm (APl or API-T).
Ty pe projectiles, To accomplish this, technmiques such as dual, completely indepen-
dente and widely separated control paths and dual, completely independent, and widely
separated control paths and dual, completely independent. and widely separated hydraulic
svstems shall be used,™

“Singly vulnerable points within the tlight control system shall be minimized. No
failure may be accompanied by a hard-over signal to a control surfuce actuator.”

A “All single-point failure sites in the flight control systems, such as redundan® compon-
ents in close proximity to each other and nonredundant satety of tlight critical components,
" shall be protected by armor to prevent loss of flight control when hit from any direction by

v

L X single AP projectiles up to and mcluding ___-mm (APl or API-T), Type and single

. ——mm (HEI or HEI-T) projectiies,

*_‘_. “From ull aspect angles. except the top view. the control stick and its nonredundant
linkages in the armored cockpit area shall be protected against single hits by API projectiles
up to and including__-mm (APl or APLIT). Type and by -mm (HEl or HEL-T)

- projectiles.

Armor used to protect any portion of the tlight control system will:

doo Not cause jamming of the control system due to spallation. tragmentation. or
break-up of the armor when hit by single API projectiles up to and including
——mm (APT or API-T), Type and by__mm (HEl or HEI-T) projectiles.

b. Comply with the system separation and vulnerability requirements tor the tlight
control svstem as specitied in paragraphs 3.2.5.1 and 3.2.5.2 ot MIL-F-9490C."

+4.3.3 Manual Reversion Flight Control System

“The manual reversion light control system shall serve as a back ap system to preclude
loss of flight path control due to multiple hits by API projectiles up to and including
:mm (APl or API-T), Type and by_—__mm (HEI or HEI-T) projectiles which cause
complete loss of power in all hvdraulic systems. The manual reversion tlight control system
and primary thght control system shall be separated as much as possible or routed/shiclded
in such o manner as to prevent loss ot tlight path control due to the detonation and
frazment spray ot a single -mm (HEI or HELT). Type projectile witho—
fuzine,™

4.3.4 Flight Control Subsystems and Components

“The tlight control subsystems and components consist of controls tor the pilot tand
coptloty, mechanical. electrical, or hydraulic linkages to the control surtaces (and rotors),
and augmentation equipment it required. Transter of inputs from the cockpit to the control
surfaces may be by mechanical or electrical means. Vulnerability redu:tion requirements for
these subsystems are as follows:
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4.3.4.1 Mechanical Linkages. *If the standard mechanical subsystem of linkages is used to
actuate the primary tlight control surtaces. such components as cables. pulleys, push-pull
rods, torque tubes, levers, bell cracks. and associated brackets should be considered critical
to vulnerability. Survivability design techniques for the critical mechanical flight control
:omponents shall include but are not limited to, the following:

+.3.4.1.1 “Duplicate flight control mechanical linkages should be provided to permit tull
tlight control surface motion through one redundant path in the event the other path is
severed or jammed by projectile damage, Jam protection or jam override should be included
in the design,

4.3.4.1.2 “Routing of duplicate cables. push-pull rods. and other components shall be
sutticiently separated to preclude damage to both by the same projectile.

4.3.4.1.3 “Heavy structure should be used to shield control cabies and push-pull rods.
These linkage elements shall be routed closely to primary structure or in areas of the
airtrame least likely to sustain enemy guntire damage, Care shall be taken to avoid passage
of rod and cables through narrow spaces between two near-parallel planes of skin or skin
structures where buckling of either adjacent surtace against the other by bullet impact or
blast could pinch or jam the control element.

4.3.4.1.4 “*Self-aligning bearings shall be used for all torque tube instaflations to prevent or
minimize the possibility of jamming from deformation of the torque tube or supporting
structures after projectile impact.

4.3.4.1.5 *Heat resistant materials shall be used to protect mechanical control elements
where fires or hot gas impingement could develop as secondary damage from weapon
eftects,

4.3.4.1.6 ““The use of brittle materials. such as castings which would shatter or otherwise
tail when struck by a projectile, should be avoided in the design of mechanical elements.
Ductite materials. such as sheet or plate weldments, polyamide, or other non-metallics
(possible in laminated form). or composite honeycomb constructions which will accept
penetration with minimum local damage at the impact point and without propagating into
critical or total damage to the mechanical function, should be used in the design of these
clements,™

4.3.4.2 Flight Control Power or Boost Systems. “The design shall include jam resistant and
jam override protection where required to assure that no single failure, projectile damage. or
malfunction in any part or component may cause faiiure of both flight control power or
hoost subsystems,

4.3.4.2.1 Where additional power is required to actuate or position essential flight con-
trols, all assist components and power sources should be duplicated. well separated. and
independent to include reserve power storage provisions for emergency landing after total
loss of power. Reserve power storage provisions shall ensure a minimum control usage
landing with one 180° heading change and, for helicopters. four collective strokes.
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4.3.4.2.2 “Flight-critical functions in the primary control subsysiems should be powered
or boosted independently from utility and other functions not critical to safe flight.

-_:j‘_ 4.3.4.3 Actuators. “*All actuators employed in the flight control system shall be of the
antijam type.

4.3.4.4 Control Surfaces. “The control surface design. construction, and the hinges at each
. control surface shall be of such number. placement, or hardness that single hits by API
projectiles up to and including __-mm (API or API-T), Tvpe______and by__-mm (HEl or
A HEI-T) projectiles will not cause the atfected surface to:

a. Inflict damage on other portions of the aircraft due to complete or partial separa-
tion from the vehicle.

b. Create unsate flutter conditions due to the effects of mass unbalance, partial loss of
S effective area, partial separation from the vehicle. or other predictable effects.

4.3,4.4.1 “Multiple control surfaces shall be used, where practicable, to maintain the re-

‘ﬁ quired tlight path control and handling qualities in a hostile threat environment.

- 4,3.4.4.2 “Destruction of jamming of any one pitch or roll control surface/control
o actuator/hinge point shall not prevent usable actuation (sufficient for flight and landing) of
the remaining pitch or roll control surfaces.”

o] 4.3.4.5 Additional Considerations. “The design of the tlight control system must incorpor-

ate the tollowing additional considerations:

N 4.3.4.5.1 “Fault detection and switching equipment shall be incorporated. Notice of fail-
ures of all pilot-assist functions shall be given to the pilot or copilot. Failures of augmenta-
- tion functions shall result in that function being switched off. Redundancy of flight control
subsystem components shall be such that components that are essential to flight have a
separated backup subsystem. The aircraft shall be controllable and remain mission safe in all
normal flight modes should failure of a primary power assist subsystem occur. If a second
: control system failure should occur af'ter a primary assist subsystem faiture, the aircraft shall
n remain fail-safe thereby allowing it to be maneuvered to a safe landing.

-,i 4.3.4.5.2 *“All components in the flight control system must be fail-safe. That is. in the
S event of loss of control to any of the control surfaces, the surtace will fail to a position to
. maintain level tlight. No failure may be accompanied by a hard-over signal.
] ',".: 4.3.4.5.3 “Disconnect or other means of removal should be provided for extensions of any
- subsystem not to be used in the combat zone if connected to tlight-critical functions.”
o«

4.3.5 Battle Damage Repairability

*The components in tlight control systems shall be designed to permit the removal and

-'.:-:' replacement of a damaged item with a minimum of disussembly of the overall system.
2 Particular attention shall be paid to development of the system so that rigging or adjust-
" ments may be accomplished in sections so that a minimum of readjustments or rerigging will

." be required for battle damage repair,”
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' +4.3.5.1 “Support brackets for the mechanical systems shall be designed to be damage
o tolerant and be repairable for a reasonable degree of battle damage. Easily shattered materi-
als should be avoided for supports.

+.3.5.2 “The mechanical linkages ot a tlight control system of an aircraft shall be designed
In a manner to permit rapid access for inspection and repair of battle damage.

i ~

4 T .. . . " H
" 4.3.3.3 ““Major flight control surfaces shall be made removable for repair or replacement
“_«.:ﬁ without dismantling primary structural elements.
O 4.3.5.4 “Electronic portions of the control system shall be designed for replacement of
damuged components with a minimum of recalibration or readjustment to match other
L components in the system,

o +.3.5.5 “Avionic components in flight control systems are usually complex. expensive to
replace. and normally beyond the repair capability of the operational unit. Components in
N;.: this category shall receive priority in locations that would minimize their probability of
o being damaged. Those that are required for mission accomplishment shall be ranked ahead
'.‘ of those that are in the pilot-assist category.”

4.4 FLUID POWER SYSTEM

. The fluid power system consists of those units and components which provide hydrau-

: lic fluid under pressure or compressed air as a power source and is normally further broken
. down into hydraulic systems and pneumatic systems. The hydraulic svstem includes. but is
- not limited to. the following types of components:

a. Tanks.

b. Accumulators.

¢. Pumps.

d. Valves.

¢, Levers.

f.  Switches.

¢. Plumbing (lines, connectors. etc.)

5

o -
[ B
sl '

S,
e

i
l

h. Indicating system.

:9_3 The pneumatic system includes. but is not limited to. the following types of
s components:

-~ 4. Ducts and lines,

b. Valves,

¢ Actuators.

o d. Heat exchangers.

- ¢. Controls,
[ f. Temperature and pressure indicators,

RO The fluid power systems. because they are pressurized. are extremely vulnerable to the
20 penetration weapon effects ot projectile and fragment Kill mechanisms as well as penetration
o« by secondary kill mechanisms of spall and burn-thirough, Hvdraulic systems. depending
.
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upon the type ot ftuid employed. are also vulnerable as a source of combustibles tor fire.
Severing ot the components of the systems can also be caused by airframe displacement or
distortions which result from either mternal or external projectile detonations.

Additional specification variables which could atfect the vulr:rability ot the fluid
power svstem, and theretore must be considered. are contained in Appendix A. The specifi-
cation of these variables must also include both the functional Kill of the systems and loss of
tTuid power. as well as ignition of the hvdraulic tluid in the case of the hydraulic system.

Sample vulnerability reduction requirements statements tor the tluid power system are
aiven in subsequent paragraphs,

4.4.1 Applicable References

Applicable references for the survivability and design of the subsystem are given below,
Reterence should also be made to report JTCG/AS-74-D-003. Documentation of
Survivability; Vulnerability Related Aircratt Military Specitications and Standards.

a4 MIL-H-5440.
h. MIL-H-8891.
¢ MIL-P-3513.
d. MIL-H-8775.
¢. MIL-H-8890.
r MIL-P-8564.
o, MIL-H-83282.

4.4.2 Fluid Power or Boost

“Where a fluid power subsystem is utilized to power or boost flight control forces.
survivability design features or techniques shall include, but are not limited to. the following
considerations:

4. Where additional power is required to actuate or position essential Hight controls.
all assist components should be duplicated (redundant) and well separated.

h, The subsystem should be designed not to jam or allow an uncorrectable extrene
control configuration to occur after projectile damage.

¢. A separate power source for cach redundant unit should be provided.

d. Reserve power storage provisions should be incorporated into the design, These
provisions shall allow reasonably unhampered control operations during an emer-
gency landing following toss of power.

o, Flight-critical control tunctions should be powered or boosted independently trom
utility and other control functions not critical to safe flight.

. Disconnect or other means or removal should be provided for extensions of any
subsvstem not to be used in the combat zone it connected to flight-criticul
tunctions.”

30
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+.4.2.1 Two or more independent hydraulic actuating subsystems shall be used. A failure
in one subsystem shall not adversely atfect the functioning of the other subsystem or
subsystems, Redundance or use of backup flight control subsystems requires that each be
fully independent of the other and that each system be capable of performing all essential
subsystem control functions when the other subsystem is incapacitated. This will require
two or more hydraulic pumps. Also. a single failure in any other aircraft subsystem shall not
incapacitate two or more independent hydraulic control subsystems simultancously.

+.4.2.2 "The fluid power systems shall incorporate design features to preclude loss of more
than one system due to single hits from:

d. -mm (API or API-T). Type projectile impacting at a velocity of____{t sec.

b. -mm (HEI or HEFT). Type projectile impacting at a velocity of___ft/sec.

¢. A ___-grain fragment impacting at a velocity of ___ft/sec.
4.4.2.3 Routing and separation of the fluid control systems shall be such that:

4. Maximum protection is afforded by masking or shiclding.

b. Split-body or rip-stop design shall be used in dual tandem actuator designs.
4.4.2.4 The following component considerations will be incorporated:

4.4.2.4.1 *“Pressurized vessels, such as hydraulic or pneumatic accumulators, shall be de-
signed to be nonshatterable when struck by ballistic threats. This is to minimize the proba-
bility of creating secondary damage fragments that would cause additional repair efforts.

4.4.2.4.2 “Consideration shall also be made for the incorporation of high temperature
blow-out plugs in the high pressure gas sections of such vessels that may be exposed to fires
or hot gases created by hostile weapon effects,

+.4.2.4.3 “Where hydraulic lines are installed in areas of potential high temperature
hazards. due to hostile weapon effects. consideration of thermal protection techniques shall
be made

4.4.2.4.4 “Low tlammability hydraudic fluid (such as MIL-H-83282) shall be used in the
production aircratt.”

4.4.3 Battle Damage Repairability

“The distribution lines or hoses shall be designed to achieve ease of access. inspection.
removal, and replacement ot damaged lines/hoses. Special evaluation shall be made of the
line connector features to ensure that minimum disassembly ot other components is re-
quired to disconnect and reconnect the lines/hoses. Where brazed or welded line connee-
tions are contemplated. consideration tor operational unit skill, equipment. and available
tacihties shall he made. Provisions shall be considered in hydraulic systems to prevent the
total loss of a system through use of circuit failure detection and isolation techniques to
minimize possible damage to the hydraulic pumps from cavitation. Such provisions also may
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be employed to limit the amount of hydraulic fluid liberated by battle dumage and thereby
minimize potential fires and other secondary damage. Components such as pumps, valves,
filter assemblies. etc., in hydraulic or pneumatic systems should be as interchangeable as
possible so that the spare parts required for rgpair may be minimized and etfective cannibali-
zation from one aircraft to another permitted.”

4.5 ENGINE AND ACCESSORY DRIVE SYSTEM

For the purposes of this document. this system is defined to include the engine. the
basic engine accessories. and engine controls. engine indicating system. oil system, exhaust
system. air system, engine fuel and fuel control system. and the accessory drive system.

The engine itself consists of several major subsections or functional subsystems. These
are:

a. The air inlet section. This is the section of the engine through which the air enters
at the compressor section and is composed of’

Guide vanes.
. Shrouds.
. Cases.

S =

b. The compressor section which consists of:

. Cases.

. Vanes.
3. Shrouds,
4. Rotors.
5. Diffusers.
6. Shafts.

1
2

<. The combustion section, in which the air and fuel are combined and burned. consist
of”

I. Burner.
2. Case.

3. Nozzles.
Jd. The turbine section which includes:

. Case.

Rotors
. Blades.
 Shatt.

oo —

¢. The bypass section which bypasses a portion of the normal engine airflow (either
ram or compressed air) for the purpose of adding to ¢ngine thrust or reducing fuel
consumption. This section includes:
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‘ 1. Ducting or shrouds.
- 2. Vanes.,
3. Controls.

T . The augmentation section which is utilized for the recovery of or addition of power
o to the engine system, This section includes:
\
T 1. Case.
R 2. Nozzles.
n ¢. The engine controls which link the control inputs to the engine:
3 1. Linkages.
2. Levers.
o 3. Cables.
A 4. Pulleys.
v 5. Switches.
i 6. Wiring.
[ 3
Sn h. The engine indicating system including:
_-:j l. Indicators.
a5 2. Transmitters,
L 3. Analyzers.
' 4, Phase detectors.
k 5. Generators,
SO 6. Wiring.
7. Amplifiers.
8. Oscilloscopes.
9. Monitoring system.
10. Recording system.

i. The ignition system which consists ot those units and components which generate.
control. turnish. or distribute an electrical current to ignite the fuel-air mixture in
T the cylinders of reciprocating engines or in the combustion chambers or thrust
R augmenters or turbine engines. The components of these systems are:

Induction vibrators.
Magnetos.
Switches.

Lead filters.
Distributors.
Harnesses,

Plugs.

[gnition relays.

: 9. Exciters.

R 10. Storage capacitors,
N 11. Compositors.

2. High tension leads,

a1
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13. Coils.

14. lIgniters.

15. Ignition switches.
16, Wiring.

17. Connectors.

j.  The oil system which consists of those units and components external to the ¢ngine
which store lubricating oil and deliver it to and from the engine as well as those
used to distribute oil throughout the engine. The oil system components are:

Tanks.

Heat exchangers.
Pumps.
Strainers.
Valves.
Scavenger pumps.
Sumps.
Indicators.
Wiring.
Transmitters.
11, Deoilers.

12. Deaerators.

13. Filters,

14, Plumbing.

. o B .

Oooo\J_ou:J:-w!J—-

k. The engine exhaust system which is composed of those units and components
which direct or vector the engine exhaust gases overboard. These components are:

1. Collector rings.

2. Exhaust and thrust augmentor ducts.
3. Variable nozzles.

4. Actuators.

5. Plumbing linkages.

6. Wiring.

7. Position indicators,

8. Warning systems,

9. Noise suppressors,

10. Clamshells.

11. Thrust reverser linkages and controls.
12. Tertiary air doors and controls,

. The air system of turbine engines which includes those external units and compon-
ents and integral basic engine parts which go together to conduct air to various
portions of the engine and to the extension shaft and torquemeter assembly. if
applicable. The components are:

1. Compressor bleed section.

2. Cooling air system,

3. Engine anti-icing hot air systems.
v

4. Vulves,

34 |
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Plumbing,
Wiring.
Regulators,
Governors,
Actuators,
Linkages.
Transmitters.
Indicators.

m. The engine fuel and fuel control system. For turbine engines. this system includes
those units and components and associated mechanical systems or electrical circuits
which furnish or control fuel to the engine and thrust augmenter which are located
bevond the engine main fuel quick disconnect. The system also includes the fuel

-, flow rate sensing, transmitting, or indicating units whether the units are located

betore or beyond the quick disconnect. The components of the system are:

9.
10.

12.

- 14,

13,

l6.

X 17.
18.

o 19,

20.
2]

Coordinator or equivalent component.
Engine driven fuel pumps.
Filter assembiles.

Main fuel controls.

Thrust augmentor tuel controls,
Electronic temperature datum controls.
Temperature datum valve.

Fuel manifold.

Fuel nozzles.

Fuel enrichment system.,

Speed sensitive switches,

Relay box assemblies.

Solenoid drip valves,

Burner drain valves,
Temperature regulators.

Valves.

Levers.,

Cuables.

Pulleys.

Linkage.

Indicating systems,

Wiring,

Accessory drive system which is defined to include those units and components.
. cither engine-mounted or remotely installed and connected to the engine by a drive
shaft. which drive multiple types of accessories. The components of the accessory

drive system include:

1.
3.
- >
.

Drive shaft.

Adapters.

Scals.

Mechanical generator drives,
Gears.
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6. Oil pumps.
L 7. Coolers.
. 8. Cases.
Engine vulnerability is complex with the lethal damage modes varying among the
\ subsystems and components but nearly all of the elements of the system are vulnerable to
o the penetration weapon effect. The components that have an interface with the liquid tuel
- or oil also are vulnerable to the incendiary and hydraulic ram weapon effects associated with
" penetrating projectiles or fragments.

Projectile blast pressures. in either the air inlet section or the exhaust section, may
i aftect the performance of the engine. The engine is also highly vulnerable to fuel ingestion
A ~ . . . .
caused by fuel system damage adjacent to the air inlet section.

The engine, when damaged. can also create secondary kill mechanisms which are at
times more lethal to the aircraft than were the primary kill mechanisms. These secondary
kill mechanisms include fire, hot gas torching or emission, and the generation of projectiles

@

due to the breaking of elements on the high speed rotating components of the engine
S (compressor and turbine blades),
[ -~
~:j:v Additional specification variables which could affect the vulnerability of the engine
_:4 and accessory drive system. and therefore must be considered. are contained in Appendix A.
- Sample vulnerability reduction requirements statements for the engine and accessory
drive system are given in subsequent paragraphs,
- 4.5.1 Applicable References
:-::. Applicable references for the survivability and design of the engine and accessory drive
‘ system are as follows:
a. MIL-L-23699,
b. MIL-L-7808.
¢ MIL-(;-83363.
o d. MIL-T-5955.
e, MIL-T-5579,
Xy . MIL-E-5007.
P 2. MIL-E-8593.
I 4.5.2 Engine System
7 *The engine system shall be contigured to minimize the probability of complete power
® tailure due to a single hit from a projectile impucting at tt/scc or the speciftied
R fragment impacting at ____tt/scc. The protection of critical engine components and accessor-
-::; ies shall be provided in the aircratt design against the specified fragment by using shielding
- offered by structural members, other equipment. and armor as required. The engine mount-
O ing system shall be such as to preclude tailure from a single hit by the ———threat. Engine
e fan blade containment measures shall be incorporated. The airframe design shall assure the
." compatibility of the airframe/engine accessory/complete power transmission subsystem

structural and dynamic interrelationships.
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“The engines shall be isolated tfrom ftuel tanks as much as possible and protection
L measures shall be taken to isolate engine fires and to prevent them from spreading beyond
- the engine compartmental nacelles.

- “The engine compartments/nacelles shall be drained and means shall be provided for
shutting off the flow of flammable tluids into and through the engine compartments/
1 nacelles.,

“A highly reliable and survivable fire detection system plus fast-acting, multipie-shot
tire extinguishers shall be installed in each engine compartment/nacelle.”

4.5.3.1 Multiple-Engine Aircraft, “For multiple-engine aircraft. the engines shall be physi-
l‘ catly separated or protected. including thermal insulation if required, to prevent complete
power failure due to a hit from a single projectile or the specified fragment. Design
= techniques shall be used to prevent or minimize the probability of combat damage response
of one e¢ngine propagating to another engine and causing failure or degrading performance.

(- “The engines shall be completely independent with separate fuel and oil tankage, feed
é lines, pumps. and controls.” .

RN 4.5.3 Gearboxes/Transmissions

“Transmissions and gearboxes shall function satisfactorily throughout their complete
o operating envelope when using oil conforming to and having any of the variations in charac-
teristics permitted by MIL-L-23699, MIL-L-7808. or MIL-G-83363. Capability for using a
-~ common lubricant in engines, transmissions, and gearboxes is desired. Lubricant shall not be
- completely depleted in the event of a rotating shatt seal failure. No external leakage from
the main transmission onto the aircraft structure shall be permitted. The status seals shall
not permit leakage. Rotating shaft seals shall be selected for maximum reliability, and in
those cases where a small amount of oil seepage is possible. provisions shall be made for
‘i collection to overboard drains. The subsystem shall be in accordance with MIL-T-5955 and
shall comply with the following:

a. Oil sumps and external tank and lines shall be self-sealing against _______API projec-
tiles or shielded or armored to defeat a API or HEI projectile. Self-sealing
shall be in accordance with MIL-T-5579, Type II.

@ h. The gearboxes/transmissions components shall be designed to operate at sea level
- standard conditions for no less than 30 minutes after total loss of the lubrication
‘ system,

e ¢. The ol filtration subsystem shall have an automatic emergency bypass,

'. d. Oil coolers shall have an automatic bypass valve to accommodate cold starts and
ballistic hits in the oil cooler.™
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4.6 POWERPLANT INSTALLATION

The powerplant installation system includes those units and components required to
mount and house the engine and accessory dnive system and to provide the physical inter-
taces with the aircraft structure and the aerodynamic surfuces ot the aircraft. The tollowing
are included 1n the powerplant installation system:

d
b.
C.
d.
Q.
._ A

s

b-..-

b {

4 !‘,

»:'._‘:'f

o

.- -

r-t '

& ]

Cowling - those removable coverings which extend over and around the power-
plant assembly. [t includes:

1. Cowl tlaps.

2. Supports.

3. Attach and locking mechanisms.

Mounts — the framework. cither of built-up construction or torgings. which sup-
ports the engine and attaches it to the nacelle or pylon.

1. Engine mounts,

2. . Vibration dampers.
3. Support Links.

4. Mounting bolts,

Fireseals - those fire-resistant partitions and seals mounted on or about the power
package for the purpose of isolating areas subject to fire.

1. Firewalls.
2. Flame resistant/tolerant fillers.
3. Intumescent coatings.

Attach fittings — those fittings and brackets which are used for the support of
equipment in and about the power package.

Electrical harness — those clectrical power supply components which serve several
powerplant systems but which are banded together to facilitate the installation and
removal of the powerplant including:

1 Cables,
2 Conduits.
3. Plugs.

4. Sockets.

Air intakes — that portion ot the powerplant system which directs and may or may
not vary tie mass airtlow of the engine. Included are:

Nose ring cowls,
Scoops.

Compressor fan cowls,
Buried engine ducts,
Vortex cenerators,
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6. Actuators.

7. Control handles.
8. Cables.

9. Wiring.

10. Plumbing.

11. Linkage.

12. Doors.

13. Indicating systems.

Engine drains — those component and manifold assemblies which are used to drain
oft excess fluid from the powerplant and its accessories. They include:

e
.

1. Drain lines.

2. Manifold.

3. Tanks.

4. Flame arresters.

3. Vents.

6. Supporting brackets.

The powerplant installation system components are primarily physical intertace com-
ponents and are vulnerable to penetration. blast, and burn-through weapon effects. The key
variables which are required in the survivability specification are. as with the engine and
accessory drive system, those that define the threat and the number of hits the system must
be capable of taking without a kill.

Additional specification variables which could affect the vulnerability of the power
instatlation system. and therefore must be considered. are contained in Appendix A.

The powerplant installation svstem protection techniques to be considered in the
design shall include the tollowing:

a. “The powerplant mount system shall preclude an attrition kill from a single hit by
the ___-mm APl or the____HEI threat.

b. **Mission kits should be considered as armor installations for the protection of
singly vulnerable components.

¢. “Ballistic protection shall be considered for the oil tank. oil cooler. oil lines. and
engine fuel lines,”

Additional sample vulnerability reduction requirements statements are given in subsequent
paragraphs.

4.6.1 Applicable References
Applicable references tor the survivability and design of the subsystem are given below.

Reterence should also be made to report JTCG/AS-74-D-003. Documentation of
Survivability/Vulnerability Related Aircraft Military Specifications and Standards.
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2. MIL-C-22284.
b. MIL-C-22285.
c. MIL-1-83294,
d. MIL-D-27729,
e. MIL-F-23447,
. MIL-F-7872.
) f. MIL-F-78

Rt 4.6.2 Fire Protection

SN “Fire is the predominate secondary weapon effect experienced in combat. It can be fed
by either leaking fuel, lubrication, or hydraulic oil. Therefore. provisions shall be considered
to limit the amount of fire damage that can be propagated to other portions of the aircraft
so that survivable damage may be repaired for the least expenditure of time and effort.

*Since the probability of fire as a result of hostile weapon effects exists for powerplant
_ installations. consideration shall be given to the incorporation of fire detection and extin-
O guishing svstems. Heat barriers shall also be considered in areas where a high probability of
T fire (given a hit by weapon effects) exists. Where fire damage can occur, provisions shall be
¢ made to permit removal and replacement ot the installation structure as an interchangeable
unit on all aircraft of the same model.”

4.6.3 Battle Damage Repair

L. - “Aircraft powerplant installation systems shall be designed to limit the amount of
L damage that may be sustained from the direct and secondary etfects of hostile weapons.
Co Repair of battle damaged powerplant installations in aircraft have constituted a significant
portion ot the total aircraft system repair activities. Therefore, the powerplant installations
shall be designed so that rapid access. inspection, removal. and replacement of engines may
be accomplished. Design criteria shall also be established for the modular construction of
o major sections of the powerplant to permit cannibalization of other damaged powerplants
so that an operational powerplant can be assembled.”

N 4.7 PROPELLER SYSTEM

. -::_- The propeller system includes those units and components that comprise the mechani-
‘99 cally or electrically controiled propeller. The tollowing types of components are included in
O the propeller system.

SR a  Blades,
- b. Dome.
¢. Hub.
@ d. Spinner.
L ¢, Slip rings.
g f. Deicer boot,
¢, Synchronizers.
h. Distributor valve,
i. Indicating system.
i.  Governor.

40

- - - . - . - . -, - . .. .. . - .. .. . . .. .-‘ . . - ~. .. - A . - '.. ‘. .. M .-" _‘ N ...'.x ~\'..-
e T e e e e e et L S T e e T e e e e T T e e e T e e S
N N T AT A S I A P SIS W AT I AP S IPP ST AT AP ISP IP ISP PRSP SENP ST PSP S P ISP IR S,

B
. .




rai van v Mnchferaiuss s (RS S S v i

- JTCG/AS-77-D-001

K. Braking mechanisms.
. Plumbing.

m. Shafts,

n. Reduction gears.

0. Torque meters.

The propeller system is primarily vulnerable to the impact/penctration weapon effect.
Components are damaged or failed through detormation. perforation. or severing.

Additional specification variables which could aftect the vulnerablility of the propeller
svstem. and theretore must be considered. are contained in Appendix A,

+4.7.1 Applicable References

MIL-P-26366 is a reterence for the survivability and design ot the subsystem. Reference
should also be made to report JTCG/AS-74-D-003. Documentation of Survivability/
Vulnerability Related Aircraft Military Specifications and Standards.

4.7.2 Propeller System Vuinerability Reduction

A sample requirements statement for vulnerability reduction of the propeller system is
as tollows,

“The propeller system shall be designed to minimize the probability of failure due to a
single hit by a -mm APl projectile or -mm HEI projectile. Failure modes to be
considered shall include imbalance. loss of propeller pitch control. overspeed. and loss of
lubrication.™

4.8 ROTOR AND POWERTRAIN SYSTEM
This system includes all those units and components which comprise the main rotor
svstem and the antitorque rotor system. Included in the system are the tollowing types of

components:

a. Rotor blades

1. Spars,

- 2. Skin,

o h. Rotor heads

-

r- 1. Plates,

,,. 2. Swash plates.

[ 3. Hinge pins.

e 4. Fold assemblices.

(- '_:'_ 5. Pitch horn,

. 6. Pitch chunge rods. links.
= 7. Stationary scissors,

t @
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8. Rotating scissors.

9. Pitch beam assembly.
10. Sleeve and bearing.
11, Extension shaft,

12. Governors.

13. Svuchronizers.

14. Switches.

15. Levers.

16. Rods.

17. Cables.

I8. Hubs.

19. Brake mechanisms,

20. Rotating portion of the ice and rain protection system,

¢. Powertrain

1. Transmissions.
2. Gearboxes.
3. Driveshatts.,
4. Couplings.
5. Oil systems,

d. Fuirings.

The components of tlie rotor system are vulnerable to the penctration ( performation
or severing) weapon effect of projectiles and tragments: the rotor blades are also vulnerable
to the blast weapon ettects of projectiles or missiles and combined blast and fragmentation
kill mechanisms.

The most important parameters to be defined in the rotor system survivability speciti-
cation are those that define the threat weapon and its kill mechanisms and the energy levels
(mass and velocity) of these kill mechanisms.

The transmission and gearbox components of the powertrain, and the many bearing
surfaces are also vulnerable to loss of lubricant. In addition to the threat definition. the
survivability specification should also specity the length of time the bearings must retain
their functional capability after a damaging hit that would degrade or destroy the normal
lubrication capability.

Additional specification variables which could affect the vulnerability of the rotor and
powertrain system, and therefore must be considered. are contained in Appendix A.

Sample vulnerability reduction requirements statements for the rotor and powertrain
system are given in subsequent paragraphs
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4.8.1 Applicable References

Applicable reterences for the survivability and design of the subsystem are given below,
Reference  should also be made to report JTCG/AS-74-D-003. Documentation of
Survivability - Vulnerability Related Aircratt Military Specifications and Standards.

a. MIL-L-230699,
b, MIL-S-8698.
¢ MIL-T-3579,
d. MIL-T-3953.
¢. MIL-L-7808.

4.8.2 Powertrain Systems

“The powertrain system shall consist of all components and subsystems required to
transmit power from the engineds) to the rotors and accessory inputs. The system includes
engine input shatting, clutches. reduction units. main rotor gearbox. accessory searbox drive
and pads, output shafting, rotor brake. and associated cooling and lubrication subsystems,

4.8.2.1 “The powertrain subsystem components shall be designed to operate at sea level
standard conditions for no less than (30 _minutes) after total loss of the lubrication sub-
systen.

4.8.2.1.1 “The powertrain subsystem components including, but not limited to. shafts.
couplings. bearings. and gears shall be designed to prevent total failure for a minimum of (30
minutes)at maximum operating loads when impacted by a—____projectile.

+4.8.2.1.2 Powertrain subsystems, such as those employed by rotary wing aircraft. shall be
designed to be as damage tolerant as practical against a____ projectile. Redundant or
armor-protected elements shall be considered as methods to obtain the specified or estab-
lished protection levels. Delayed failure from loss of lubrication shall be utilized for essential
powertrain clements where effective. Lower speed rotating shafts should be considered to
minimize subsystem tailure from damaged hanger bearing assemblies.

4.8.2.1.3 “*Powertrain cooling and lubrication systems shall be designed so that:

a. The oil sumps. external tanks, and lines shall be self-sealing against the
projectile.

b, Automatic bypass valves installed within the oil coolers shall accommodate cold
starts and ballistic hits in the oil cooler.

<. The ol filtration subsystem shail have an automatic emergency bypass.

4.5 2.1.4 “Lubrication lines and tanks shall be self-sealing against______ projectiles or
shielded or armored to defeat a . —__projectile.
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:. 4.3.2.1.5 “During autorotation and single engine operation. the engine(s) not supplying
- torque shall be immediately and automatically decoupled from the drive subsystem by
[}:“ overrunning clutches to permit continued operation of the main rotor. tail rotor. and
- . aveessory drive. The overrunning clutch shall be designed so that its limit torque capacity is .
b - the limit input torque increased by a factor of (2.0). The bearings and lubrication subsystem
- and the clutch shall be such that the (2-hour) period of tull overrunning is permissible

without any impairment and complete loss ot the trunsmission lubrication subsvstem shall
not prevent full overrunning for ( 30 minutes).

4 8.2.1.6° “The accessorv gearbox shall be driven by the main gearbox. Flight critical
acceessories shall also be driven by the main rotor shatt independently of the engines during
autorotation.”™

+4.8.3 Drive Subsystem

The tollowing vulnerability reduction requirements are presented for drive subsystem
components.

4.8.3.1 “The drive subsystem shall be designed tor the lowest practical vulnerability to
enemy weapons, The number of drive subsystem components shall be kept to ¢ mimnimum
and drive shatts shall be as short as possible. Nonredundant vulnerable components shall
have design features which prevent total failure when impacted by projectiles.

4.8.3.2 When the basic design cannot provide adequate survivability to critical parts (e.g..
bearings and gears), thev shall be protected by incorporating armor hiners around the part or
shall be provided protection through the use of armor plate. preferably integrated into the
design.

4.8.3.3 ““Materials to be considered for reducing the vulnerability of drive shafts include
but are not limited to fiber composite plastics (such as glass. carbon. and boron) as well as
various metal or metal matrix configurations.

4.8.3.4 Construction of component cases. housings, and sumps shall utilize materials and
designs that minimize damage from projectile impact and also incorporate a selt-scaling
capability where loss of lubricating or cooling oil is cirtical. Lubrication lines and external
components shall be eliminated to the maximum extent possible. Each gearbox or trans-
mission shall contain its own integral lubrication, cooling. and reservoir subsystem.

4.8.3.5 “Installation of high speed parts (e.g.. drive shatt) close to very critical or vital
components shall be avoided to prevent serious secondary damage.

4.3.3.6 “Survivability design features which should be considered include. but are not
fimited to. high temperature bearing materials. self lubricating or sintered metal bearing
retainers. bearing clearance tolerance to temperature higher than normal operating tempera-
tures. improved heat transter paths away trom bearings, and auxiliary or backup lubrication
provisions to service critical areas in emergency. Considerations should be given to the use of
bearings with solid lubricant retainers and gears using solid lubricant idlers which pertorm
satistactorily during normal operation with oil lubrication and which provide a ¢ 30-minute)
operation lite after complete oil toss.”
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4.8.4 Rotor Svstem

“The rotor system shall be designed to allow sate flight after a hit by a
projectile.”

-mm

.

4.9 STRUCTURAL SYSTEM

The structural system consists of all of the components or members employved to
establish the configuration of the aircraft and to transmit and react all gravitational and
aerodvnamic loads. The structure consists of the following component types which have
been grouped into tuselage, wing, and empennage subsystems:

4. Fuselage

Frames.

Longerons.

Bulkheads.

Formers.

Stringers.

Skin.

Attach fittings.

Acrodynamic fairings,

9. Internal stores mounts.

10. Canopy. windows, windshield,

.

\I'O\U\.&-‘A!J:—-

SX)

b. Wing

Spars.

Ribs.

Stringers.

Skins.

Control surface structure.
Folding mechanisms.
External store mounts.

8. JAttach fittings.

hoda Gy —

RN

¢. Empennage [horizontal stabilizer(s), vertical stabilizer(s). rudders. elevators!
clevons]:

1. Spars.

2. Ribs,

3. Stringers.

4. Skin.

5. Attach fittings,

The vulnerability of the canopy, windows, and windshields is closely associated with
the vulnerability of the crew and passengers and is discussed in Section 4.10.
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The structure is vulnerable to any kill mechanisms which reduce the load-carrving
strength of the structural components, result in a change or musalignment ot loadpaths. or
mcrease (including transient impuises) the load on the structure, The primary kill mecha-
nisms which can cause these damage modes are projectiles, fragments, thermal energy, and
blast, The structure is also vulnerable to the secondary Kill mechanism of fire and may be
vulnerable to spall depending upon the size and composition of the structural members and
of the spall missiles.

~ - The variables which must be addressed in the structural survivability specification
include those that describe the threat and its kill mechanisms (mass. velocity. temperature,
thermal and blast energies, ete.) and the kill criteria for the structure. The kill criteria may
include the definition of the required residual strength capability. after the damage by the
threat Kill mechanisms. or the required mission performance capabilities that must remain
after the structure is damaged.

Additional specification variables which could affect the vulnerability of the structural
system. and therefore must be considered, are contained in Appendix A,

Sample vulnerability reduction requirements statements tor the structural system are
given in subsequent paragraphs.

4.9.1 Applicable References

Applicable references for the survivability and design of the subsystem are given below.,
Reference  should afso be made to report JTCG/AS-74-D-003. Documentation of
Survivability/Vulnerability Related Aircraft Military Specifications and Standards.

a. MIL-A-8860.
b MIL-$-8698,
<. MIL-STD-850.

d. T.O. IF-111A-3-1. Technical Manual Structural Repair Instructions. Combat/Battle
Damage. dated 20 September 1968 with revisions dated 4 April 1969 and 23 May
1969,

¢. Combat Damage Repairs tor F-4C Aircraft, Report E2I3, dated 19 November 19653;
McDonnel-Douglas report.

4.9.2  Aircraft Structure

“The aircraft structure shall be designed to be as damage tolerant as practical to
minimize the vulnerability of the system to nonnuclear weapon etfects, The level of protec-
tion shall be as required by the detailed contract specification which shall contain SV
specifications, or a level of protection requirement as dictated by survivability and svstem
cost-effectiveness analyses.”

46

e ‘,-\‘ L. . . S L S LT, .- Cat e

4
b - - Gbgg . " = - o .
. L IR T . . . ) R A o R . . ST e
i LI A S A P P P V. PR THL. 1. PE. TR DU, VU W U, T 0 PHAT S U, T I S T § AT TR D IS TP i WG WL WY B0 U ST WG G S e .




il

JTCG/AS-77-D-001

4.9.2.1 Materials and Construction. “The materials and construction types selected for the
airframe structure shall be selected with respect to the extent of damage that can be
experienced from the hostile weapon etfects. An analysis of the candidate structures shall be
conducted to evaluate the extent of damage for each candidate structure and the amount of
effort and cost that would be required for repair. Where the extent of repair is beyond the
operational unit’s authorization or capability. consideration shall be given to a structural
design that will permit removal and replacement of a section of the airframe that is directly
interchangeable with the same section on all of the same mode! aircraft. Sections of the
structure that may be damaged by high explosive projectiles and small missile warheads.
where there is a reasonable-probability of aircraft recovery, shall be designed to be remov-
able and replaceable with a minimum of maintenance effort. The use of special tools and
fixtures shall also be avoided. It is essential to recognize the limitations of spare parts and
repair material space allocations of organizational maintenance. The use of major structural
section interchangeability will permit effective cannibalization to ensure that the greatest
number of aircraft can be maintained in operational readiness during combat and peacetime
operations. This concept will also minimize the number of damaged aircraft that must be
disassembled, crated. and shipped for repair at higher echelon maintenance facilities.”

4.9.2.1.1 “The basic structure shall also be designed to permit ready access for inspection
of those areas most susceptible to damage. The structural provisions for electrical cabling
and tluid (fuel, hvdraulic, oil. etc.) lines shall be designed for rapid access, inspection, repair.
or replacement,

4.9.2.1.2 “The aircraft structure shall be ot a fail-safe design achieved through the use of
muitiple loadpaths and crack stoppers to reduce the probability of catastrophic structural
tailure due to battle damage. There shall be no flight critical structural components (e.g..
primary wing, main rotor blades, flight control surfaces, etc.) vulnerable toa______ projec-
tile incurred in air-to-air/air-to-ground combat maneuvers, at representative weights, that
would preclude a safe return and an arrested landing. Sufficient strength and redundancy to
permit evasive maneuvers to limit load or delivery of remaining ordnance following the hit
shall be provided it practical.”

4.9.2.2 Airframe Protection. “The aircraft structure shall be of a fail-safe design achieved
through use of multiple redundant loadpaths and crack stoppers to reduce the probability of
catastrophic structural failure due to battle damage. i.e.. structural damage which will cause
loss of the aircraft,

4.9.2.2.1 *In compartments where liquids such as fuel. hydraulic tluid. oil. etc., are stored.
the hydraulic ram effect due to impact energy of the API projectile or_____HEI
projectile shall be minimized by use of structural design techniques.

4.9.2.2.2 **Sccondary thermal etfects. as a result ot projectile impact. shall be minimized
throughout the entire airframe. These thermal effects include burning of fuel, hydraulic
fluid, or oil. or “‘torching’’ from a damaged engine. The design must prevent fire and
explosions in all areas of the airframe where failure to do so shall cause a forced landing.

4.9.2.2.3 “The design of the structure shall minimize secondary effects from exploding
ammunition (caused by impacting enemy projectiles of any type) where failure to do so
would result in an attrition or forced landing.”
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4.9.3 Battle Damage Repairability

“The design of the structural system shall incorporate those features that will enhance
rapid repair of battle damage, especially for forward area maintenance operations.™

4.9.3.1 “The basic structural design shall be such that repair of structural damage tfrom
projectiles can be performed without requiring master jigging or special tools not
normally tound at a field maintenance facility.

4.9.3.2 “*Component design shall be such that removal and replacement of battle damage
components can be accomplished using primarily the general mechanics tool box and with-
out special tools not normally found at a field maintenance facility and with a minimal
number of personnel. Accessibility is also a prime design feature in reducing downtime.

4.9.3.3 "The selection of an aircraft structure, type of construction. and materials shall
consider the time, skill level, special tools. and facilities required to etfect battle damage
repair. The types of fasteners used in structural designs shall be held to a minimum so that
the stock of repair fasteners may be minimized. In areas of critical fastener locations in
major structural elements such as forgings, castings, sculptured plates. etc.. provisions shall
be provided to permit the use of oversized or larger fasteners where battle damage may
distort the original fastener hole. In structural areas where the greatest number of ballistic
damage occurrences are expected, standard repair designs shall be developed that may be
prefabricated and maintained in a combat area rapid repair kit to permit repairs in the
minimum length of time, Such predesigned and prefabricated repair concepts shall consider
the types and sizes of hostile threat damage mechanisms to which the aircraft may be
exposed. The structure shall also be designed to limit the propagation ot damage following
the damage initially sustained. Techniques such as crack stoppers. high tracture toughness
materials. and multi-loadpath designs should be considered. Careful consideration shall also
be given to the selection of materials and protective coatings so that adequate corrosion
control may be maintained following repair of battle damage.

4.9.3.4 The use of nonmetallic (composite) structure shall be carefully analyzed to estab-
lish the meuns by which ballistic damaze may be repaired under operational maintenance
conditions. Where damage may be experienced that is bevond the capability or authoriza-
tion of the operational maintenance unit. provisions shall be made for rapid removal and
replacement of the damaged section. Composite materials must also be evaluated for their
electromagnetic shielding effectiveness capabilities. This includes the shielding effectiveness
of the bonding techniques.

4.9.4 Damage Tolerance

“The primary structure shall incorporate materials. stress levels, and structural config-
urations that will minimize the probability ot loss of the aircraft due to damage of a single
structural element (including control subsystem and dynamic components) or due to propa-
gation ot undetected tlaws, cracks, or other damage. Slow crack growth, crack arrestment.
alternate loadpaths and systems, and other available principles shall be used to achieve this
capability, The specific requirement for damage to flight-essential structural components is
that theyv shall preclude or accept damage from any_______ projectile and still be capable of
supporting design limits without failure (vielding is allowed for this condition), The aircraft
shall be capable of full continuous safe flight for (30 minutes).
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.

4.9.4.1 Damage to the critical airframe components and rotor blades trom a pro-
& jectile should not cause catastrophic failure or preclude safe continuous tlight to a normal
destination where repairs can be made,

4.9.4.2 *“Design teatures and techniques to reduce basic airframe vulnerability to impacting
o explosive projectiles of (23-mm) and (30-mm) shall be incorporated to the maximum extent
\ practical.”™

,'_,-‘.‘_ 4.9.4.2.1 The primary structure of the aircratt shall be capable of sustaining single hits by
API type and HEI type_______ projectiles anvwhere on the aircraft
with the remaining structure having the capability of sustaining a___g limit load factor at
o KIAS and the aircraft shall retain sufficient operating capability to safely return to
- its operational base.

4.9.4.2.2 “Structural vulnerability to single___-mm HE projectile detonations/fragment
e sprays shall be eliminated as much as possible through such means as redundant loadpaths
. and the arrangement of internal volumes and skin fasteners to minimize the effects of the
blast.

L"' 4.9.4.2.3 There shall be no flight-critical structural components vulnerable to single hits
. by API projectiles up to and including type and by____-mm HEI projectiles.

5 4.9.4.2.4 Structural vulnerability to low-order detonations of ordnance carried internally
- in the ammunition drum of the aircraft shall be reduced or eliminated to the maximum
- cxtent possible,

4 9.4.2.5 “The aircraft shall not suffer catastrophic structural failure due to the penetra-

tons of and Jdynamic loadings within/upon internal fuel tanks caused by single hits by API

projectiles up to and including and by, projectiles. This includes three damage

- mechanisms: hydraulic ram etfects. ullage explosions with resulting overpressures, and det-

onatton ol high explosive projectiles. The aircratt shall have the capability of sustaining a
— < hmit load ractorat V = ___after suffering such structural damage.”

4.9.5 \irtrame Armor

“Arrtrame armor shall be provided it required to supplement personal and seat armor
) to protect crewmen through the entire bottom hemisphere while the aircratt is in level
x thehit, Maxvimum upper hemisphere protection should be provided for tragments.

) " Transparent armor of sufficient strength to defeat the fragmentation and survive the
- Rlast ot an exploding _ projectile shall be placed between the crewmembers in multi-
rew o reratft to preclude incapacitation of more than one crewman from a single projectile.
N Nontransparent armor may be used as a barrier between crewmembers in those areas not
< artecting the att crewman’s external vision envelope.”

Note Detailed armor specification statements are presented in Section 4.16, Crew Stations,

. 0— l_ l." . v"'."'l'...l‘ .'-l :..
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4.9.6 Windshields and Windows

A windshield shall be provided for the cockpit enclosure. Windshields shall be shatter-
proot and able to sately withstand the airloads imposed by the flight requirements specified
herein, Surfaces in contact with windshield wipers shall be of inorganic glass and shall not
scrateh if the windshield wiper is activated on a drv windshield. In the selection of matenals.
consideration should be given to minimize wounding of personnel by spall from impacting
projectiles. Windshields and windows shall provide a degree of shielding effectiveness con-
sistent with airframe requirements,”

Note: Additional windshield requirements are given in Section 4.16,

4.10 LAUNCH AND RECOVERY SYSTEMS

These units and components furnish a means of supporting and steering the aircraft on
the ground or water and make it possible to retract and store the landing gear in tlight. The
launch and recovery systems also include those mechanical, hydraulic, and electrical com-
ponents used for control and operation of the arresting gear and catapult gear.

The landing gear system includes the tollowing components:

a. Wheels.

b. Floats.

¢. Skids.

d. Tailskin assembly.
e. Skis.

f. Brakes.

2. Shock struts.

h. Drag struts,

. Bogie axles,

j. Doors.

k. Linkages.

{. Attach bolts,

m. Tires.

n. Position indicating and warning system.
o. Actuating mechanisms,
p. Bungees,

q. Latches,

r. Valves,

s. Motors.

t. Cables.

u. Antiskin devices.

The catapult and arresting gear svstems consist of:

a4 Arresting hook point and shank.
b. Catapult hook and hold back.
<. Pulleys.

d. Cables.
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¢. Cyvlinders.
£, Accumulators.
. Valves.

The landing g\eur components are vulnerable to the penetration weapon ettect ot pro-
jectiles and fragments. In addition. components operated by hydraulic tluid are vulnerable
to hydraulic ram and the tluid. the tires. and some of the mechanical linkage components
are vulnerable to the fire secondary Kill mechanism.

The keyv variables in the specification of survivability for the launch and recovery
svstems are those that define the threat and its Kill mechanisms. The kill criteria must be
carefully specitied since there is an E-Kill that refates primarily to damage to the lunding and
AFresting gears.

Additional specification variables which could attect the vulnerability ot the launch
and recovery systems. and thercfore must be considered. are contained by Appendix A.

Sample vulnerability reduction requirements statements tfor the launch and recovery
syvstem are given in subsequent paragraphs.

4.10.1 Landing Gear

“The landing gear system shall be designed to provide a simple and reliable means to
extend and lock the wheels (and tail hook) in position when the normal system has been
damaged by hostile weapon eftects.

4.10.1.1 “The launch/recovery systems shall incorporate design features thut minimize as
much as practical, loss of mission critical functions due to a single hit from:

a. -mm (APl or API-T). Type____projectile impacting at a velocity of ___ft. sec.
b. -mm (HEI or HEI-T). Tvpe___projectile impacting at a velocity of__ft sec.
C. -grain fragments impacting at a velocity of ___ ft/sec.

4.10.1.2 System design shall ensure, as a minimum. emergency extension of landing gear
tand tail hook) after receiving a single hit from:

a._ -mm (APl or API-T). Type __projectile impacting at a velocity of __ ft/sec.
b, -mm (HEI or HEI-T), Type___projectile impacting at a velocity of ___tt/sec.
¢.___ -grain fragment impacting at a velocity of ___tt/scc.

4.10.1.3 “The landing gear subsystem shall be located to minimize the possibility that a
part of the gear or support structure will be driven into an occupiable section ot the aircratt,
or mto a region containing a tflammable thuid tank or line. in any accident talling in the
survivable category as defined in TR 71-22. Failure of the landing gear shall not result in a
tutlure of any crew seat restraint system or restraint system ticdown.

4.10.1.4 The components ot the landing gear system shall be designed to minimize secon-
dary damage when impacted. Items such as emergency pneumatic extension air bottles.
however. can explosively shatter when impacted by a ballistic threat and can cause consider-
able secondary dumage to nearby components and structure. Consideration shall be anven to
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the design of such pressure vessels to minimize such reaction. Filament winding of non-
metallic material around an inner metallic air bottle is one example of a nonshatterable
container. Attaching brackets for smaller components within the landing gear. nose gear
steering, wheel brake, arresting gear, or drag chute systems shall be designed to be dumage
tolerunt and repairable rather than brttle and unrepairable when subjected to battle
damage.”™

4.10.2 Combat Damage Repair Considerations

“Considerations shall be given to the location and accessibility ot those components in
the landing and launching systems that are most susceptible to primary and secondary
damuge mechanisms. Consideration shall be given to design of main lunding geuar struts and
components that are interchangeable for cither right- or left-hand installation to minimize
the number of spare parts to be carried.”

411 ARMAMENT SYSTEM

The armament system consists of those units and components which store. support,
and fire or release ammunition or other internally carried or externally carried stores.
Included in the armuament system are:

4. Installed launchers and related mechanisms.
b, Ammunition feed and ¢jection mechanisms.
¢. Gun Systems.,

d. Hoists.

¢. Slings.

. Swuav braces.

o Ruacks.

h. Releases.

i. AEC equipment.

J.  Ammunition storage containers.

The load-carryving or reacting components of the armament system are vulnerable to
the severing or cross section reduction resulting from penetration by projectiles or frag-
ments. The release. feed. and eject mechanisms are also vulnerable to jamming or blocking
caused by detformation of the components. Pyrotechnics in the release or ¢jection mecha-
nisms are vulnerable to kinetic cnergy weapons (the conversion of kinetic to thermal energy)
and to the secondary mechanism of fire. The principal hazard of the ammunition svstem is
the generation of the secondary kill mechanisms ot heat (fire). overpressure and. in the case
of high order detonations. fragments caused by burning propellants or exploding projectiles.
Ammunition is vulnerable to both kinetic energy projectiles and high explosive projectiles as
well as fire within the aircraft.

The specification of survivability requirements for the armament system and its com-
ponents must contain a definition of the threat which must be survived and the kill mecha-
nisms of this threat, It armor protection is to be provided tor the ammunition system. the
armor design requirements must be specitied in the sume manner as for crew system protee-
tion (see Section 4.16).
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Additional specitication variables which could affect the vulnerability of the armament
system, and theretore must be considered. are contained in Appendix A.

Sample vulnerability reduction requirements statements for the armament system are
given in subsequent paragraphs.

4.11.1 Applicable References

Applicable references for the survivability and design of the subsystem are given below.
Reterence  should also be made to report JTCG/AS74D-003. Documentation of
Survivability. Vulnerability Related Aircratt Military Specifications and Standards.

MIL-A-8591,
MIL-W-13855.
MIL-STD-1512.
MIL-C-83124.
¢. MIL-C-83125.

croTe

4.11.2  Aircraft Structural Considerations

“The design of the aircratt structure shall minimize secondary etfects from exploding
ammunition caused by impucting projectiles of any type where failure to do so would result
in loss ot mission or flight-essential functions or capabilities.”

4.11.3 Armament Storage

“Consideration shall be given to the location and configuration of ordnange carriage on
an aircraft system to minimize the secondary damage that may be gencrated trom the
response of ammunition. missiles. rockets. bombs. tlares. ete.. to direct ballistic impact.
Those carried internally are generally those whose reaction to battle damage will have the
cupability ot producing additional damage that would increase the repair problem. In such
installations. consideration shall be given to means of limiting the spread of damage by
shielding or insulation. Provision tor rapid jettison of burning ordnance. where continued
carriage would cause additional aircraft damage. shall be considered.™

4.11.4 Armament System Design

411,41 The armament system shall incorporate design features to prevent loss of aireratt
due to tire or explosion of internally carried ammunition Jdue to single hits from:

& e (APLor APL-T). Type projectile impacting at a velocity of __ft sec.
b.———mm (HEI or HEI-T). Type projectile impacting at a velocity of __ft/sec.
<. erain fragments impacting at a velocity of _ftssec.

4.11.4.2 “Provisions shall be incorporated to delay the huzardous response ot the aircraft
internal armament loadings when subjected to IP-4. JP-3. (or NATO fuels) fuel fires on a
carrier tlight or hangar deck.™
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4.11.4.3 The avionics and wiring tor armament weapon control. fuze tunction control.
and special weapons shall be designed for rapid access inspection. repair, or replacement.”

41144 “Armor may be required tor protection of internal stores. It so. the requirements
statements of Section 4.16 should be used, as applicable.”

4. 11.4.5 “The armament system shall incorporate design features to reduce its vulneru-
bility to external friendly and hostile electromagnetic environments.™

412 ENVIRONMENTAL CONTROL SYSTEM

The environmental control svstem includes the subsystems used in air conditioning and
e and rain removal (the oxygen system 1s considered as a separate svstem).

4. Air-conditioning system - those units and components which furnish a means of
pressurizing, heating, cooling, moisture controlling. filtering. and treating the wir
used to ventilate the areas of the fuselage and equipment bays within the pressure
seals. Typical components of the air-conditioning system are:

Supercharger.
Equipment cooling.
Heater.

Heater fuel system.
Expansion turbine.
Valves.

Scoops.

%. Ducts.

9. Blowers.
10. Filters.

e L R I R

h. lece and rain removal system - those units and components which dispose of rain
and prevent or dispose ot ice tormations.

Alcohol pump.

Valves.

Tanks.

Propeller/rotor anti-icing system,
Wing heaters.
Water line heaters.

Pilot heaters.

%. Scoop heaters.

9. Windshield wipers.
10. Windshield ice control system.

I e D9 —

>

-1

The environmental control systems atfect survivability through the degradation of the
pertormance of other systems resulting trom the loss of the functional capabilities ot the
cnvironmental control systems and tfrom sccondary hazards resulting trom damage to the
svstem. For example. any system that requires heated or cooled air or that needs heat to
control or prevent icing may lose its capability it the environmental control system cannot
provide 1ts required services,
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.
b. Any of the air distribution or management systems are vulnerable to penetration by

projectiles or tragments and to high explosive projectiles in, on, or adjacent to the compon-
ents. It a separate tuel supply is required. it has the same vulnerability characteristics and
requirements as discussed in Section 4.2,

The primary variables which must be included in the survivability specification for
environmental control systems are those that define the threat and its kill mechanisms. The
survivability  requirements for the environmental control system should also retlect the
tunctional requiremients of the system that are supported with conditioned air. heat. cte.
and the ettect of the loss of the functions of these supported systems.

Additional specification variables which could atfect the vulnerability ot the environ-
mental control system, and theretore must be considered. are contained in Appendix A.

Sample vulnerability reduction requirements statements for the environmental control
svstem are given in subsequent paragraphs.

4.12.1 Applicable References

Applicable reterences tor the survivability and design of the subsystem are gizen below.
Reference  should aiso be made to report JTCG/AS-74-D-003. Documentation of
Survivability. Vulnerability Related Aircratt Military Specitications and Standards.

a. MIL-D-19326.
h. MIL-D-8683.

c. MIL-E-18927.
d. MIL-H-13325.
¢. MIL-STD-890.

4.12.2 Environmental Control System Design Considerations

“The environmental control system shall be designed to minimize creation ot hazard-
ous conditions for the aircrew and essential components from nonnuclear weapon effects.””

4.12.2.1 The environmental control system shall incorporate design features that mini-
mize the routing of high temperature bleed air through compartments containing combusti-
bles or void spaces adjacent to such compartments, Compartments containing routing of
high temperature bleed air in which combustibles are located or routed shall incorporate fire
protection measures as approved by the procuring agency when perforation ot the high
temperature hleed air line can be caused by single hits trom:

4o -mm (APtor API-T). Type projectile impacting at a velocity of____tt'sec.
h———=mm (HE[ or HEI-T), Type —projectile impacting at a velocity of___ tt.scc.
< -erain fragments impacting at a velocity ot ft/sec.”

4.12.2.2 “The use of hot gas systems in an aircraft shall be minimized to prevent damage
to structure or other sensitive subsystem components from punctured hot gas ducts or
cquipment. Where such systems cannot be avoided, provisions shall be made to permit
shut-ott ot the hot gas as close to the source as possible. The ducting for these sy stems shall
he designed to permit rapid removal or repair for battle damage.™
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4.12.2.3 The environmental control system shall incorporate design teatures to reduce is
vulnerability to external triendly and hostile electromagnetic environments.”

4.12.3 Combat Damage Repairability .

“Battle damage repair is predominately concerned with removal and replacement. For
these ttems. the main consideration shall be ready access tor inspection und replacement.
The ducting in some systems may be of a size and type of construction that lends itselt to
repatr, For this possibility. the capability to repair in place as well as to remove. repair. and
replace shall be considered. In the installation of lines. care shall be exercised to position
connectors so that removal and replacement ot damaged sections may be accomplished with
a mmimum disturbance of other components or structures.™

4.13 ELECTRICAL POWER SYSTEM

The clectrical power system includes those units and components which generate.
control. supplyv. and distribute AC or DC electrical power tor other systems. Typical com-
ponents of the electrical power system are:

a4 Inverters.

b, Generators.

<. Alternators.

d. Control and regulating components.
o. Transtormers.

. Rectifiers.

¢ Batteries,

h. Indicating systems.

. Relays,

1. Receptacles.

K. Switches.

. Warning lights,

m. Main buses.

n. Sccondary buses.

o, Main system circuit breakers.
p. Power system devices.

4. Wiring,

The vulnerability of the electrical system components is due to the severing or grourd-
g ot electrical circuits, the destruction or unbalancing of rotating components such as
generators or alternators, and the penetration or overheating ot batteries. The svatem is.
theretore, vulnerable to both projectiles and fragments and to the secondary damage mecha-
nism of tire which can burn through, melt. or fuze the components of the system.

The survivahility spectfication tor the system must identity the threat that must be
comsidered. Tt must also specify the redundancy requirement for the svstem in terms of the
number of damuging hits the system must be able to take without a loss of its tunctional
cupability or the generation of a secondary ignition hazard,
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Additonal speartication variables, which could attect the vulnerability of the clectrical
pow e system. and theretore must be considered. are given in subsequent paragraphs.

4.13.1 Applicable References

Apphicable reterences tor the survivability and design ot the subsystem are given below,
Reterence should  also be made to report JTCGIAS74D-003. Documentation  of
Survivability: Vulnerability Related Aireratt Military Specitications and Standards.

do MIL-E-23409,
b MIL-W-50X3.
. MIL-STD-10631.

4.13.2 Electrical System Survivability Design Considerations

“Survivability shall be designed into the subsystems so that no single clectrical tailure
will cause failure of any svstem essential to tlight.

4.13.2.1 The electrical power system shall be protected against complete clectrical power
railure due to a single hit from:

Jd. -mm (APl or API-T). Type projectile impacting at a velocity of___ft/sec.
b.—-mm (HEl or HEI-T). Type projuctile impacting at a velocity of ___ft/sec.
<. -erain fragment impacting at a velocity of —_ft sec.”

41322 The electrical power system shall incorporate features to minimize. as much as
practical. loss of mission critical functions due to single hits from:

a4 -mm (APl or APLT), Type projectile impacting at a velocity of ___ft sec.
b. ———mm (HEI or HEI-T). Type projectile impacting at a velocity of ___ft/sec.
< ~grain fragment impacting at a velocity of _ tt/sec.

4.13.2.3 “Primary’backup system equipment and power distribution routing shall he
physically separated to preciude damage to more than one system from a single hit by the
projectile,”

4.13.2.4 UThe electrical power system shall incorporate design features to reduce its vul-
nerability to external friendly and hostile electromagnetic environments.”™

4.13.3 Component Considerations

“Circuits tor essential functions shatl be given priority for protection and safeguard
provisions. Huazardous circuits shall be isolated from potential sources of short circuit actua-
tion or tuilure from primary or secondary weapon effects. Multiple. cascading tuilures in
clectrical bus systems shall be avoided. Electrical system component locations and routings
shall be designed to avoid areas of highest secondary damage ettects potential. Provisions
shall abso he incorporated to permit rapid access for inspection and repair.”™
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4.13.4 Electrical Boost

“The survivability design criteria applicable to hydraulic power or boost shall apply.
Singly vulnerable components shall be duplicated and separated or protected by some other
means. Caution should be exercised i design of new or difterent subsystems to prevent the
vulnerability reduction of one component trom creating a signiticant increase in the vulnera-
bility of another component or subsystem,™

+4.13.5 Combat Damage Repair Considerations

“{n the detail design ot electrical power and distribution systems. consideration shall
be made to permit standard repairs to be developed tor wining. cabling. and connector
points. There shall be sufticient room to permit dumaged connector replacement without
excessive removal or other components or structure, Where electrical power system wiring
enters or exits in a modular section ot the mircratt. connectors shall be provided that permit
removal and replacement of u damaged module with an interchangeable section. This applies
particularly to fuselage. wing, and empennage sections. The installations of electrical power
cquipment shall permut rapid access. removal, and replacement. The allocation of spare parts
for components which have high probability ot damage shall be increased for combat
operations,”™

4.14 AVIONICS SYSTEM

The avonmes system consists of a4 number ot subsvstems. cach with its own set of
components and tunctions. Typical subsystems of the avionics system are:

a4 HF communications.

bh. VHF communications.

¢. UHF communications.

Jd. Miscellaneous communications,

¢. Interphone.

. IFF.

g, Emergency radio.

h. Communication-Navigation-1FF integrated package.
i. Ruadio navigation.

i. Radar navigation.

k. Bombing navigation.

. Weapons control system

m. Electronic countermeasures.

n. Photographic reconnaissance.

0. Instruments,

p.Autopilot.

y. Flight reference system,

r. Inteerated guidance and tlight control.
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Avionics systems are normally vulnerable to nearly all ot the conventional weapon Kill
mechanisms and weapon ettects. Many are susceptible to damage ot Junctional degradation
ds g result of exposure to the electromagnetic pulse (EMP) resulting trom the detonation of
nuclear weapons. They are also vulnerable to secondary damage effects such as fire. spall.
hot gas torching. loss of cooling. and loss of power.

Additional specification variables which could attect the vulnerability ot the avionics
svstem. and theretfore must be considered. are contained in Appendix A.

With the exception of protection from EMP. which can be highly influenced by deisgn.
protection for avionics systems is usually through mintaturization, location. and vullistic
shielding and through the protection of functional capability through redundancy. The
threat should be identified along with the critical avionics system functions that are to he
protected.

Sample vulnerability reduction requirements statements tor the avionics system are
given in subsequent paragraphs.

+.14.1 Applicable References

Applicable references tor the survivability and design of the subsystem are given below.
Reference should also be made to report JTCG/AS-74-D-003. Documentation of
Survivability /Vulnerability Related Aircraft Military Specitications and Standards.

1. MIL-1-8700.
b, MIL-STD-1389.
¢. MIL-STD-188.

4.14.2  Avionics Systems Survivability Design Considerations

“Military avionics equipment is highly susceptible to ballistic damage. It also generally
exhibits the longest delay to obtain replacement parts in combat operations. Consideration
shall be given to placement of the more complex and expensive avionics equipment in arcas
that are less likely to be exposed to hostile weapon effects.

4.14.2.1 The avionics system. including interconnecting wiring shall incorporate design
features that minimize as much as practical loss ot mission-critical or tlight-satety tunctions
due to a single hit trom:

a. -mm (APl or API-T). Type projectile impacting at a velocity of —__ft. sec.
b, ——-mm (HEl or HELT), Type projectile impacting at a velocity of __ft/sec.
<. -orain fragment impacting at a velocity at 't sec.

4.14.2.2 Those avionics systems which are critical for continued tlight shall be protected
reainst single hits by

do i CAPT or APET). Type projectile impacting at a velocity of ___ft/sec.
h. -mm (HET or HEL-T). Type projectile impacting at a velocity of 1t ‘sec.
<. -urain ragment impacting at a velocity ot tt/sec.
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4.14.2.3 “Provisions to delay tailure from loss of normal environmental conditions shall be
considered so that operations can be performed cven in degraded modes.™

4.14.2.4 “The avionics systems shall incorporate design features to reduce their vulneru-
bility to external friendly and hostile electromagnetic environments.”™

4.14.3 Combat Damage Repairability

“Experience has shown that significant inspection and failure diagnostic time has been
required to isolate malfunctioning avionic units or wiring. Consideration shall be given to
the overall design ot avionics systems to minimize the time and eftfort required to identity
the damaged unit(s).

4.14.3.1 The design of avionic equipment installation shall consider means to permit
rapid removal of single components or modular sections of an assembly to permit inspection
and repair of the bay.

- . . . . . . . .

h 4.14.3.2 “*Connecting electrical cabling shall be designed to be accessible for repair or
P.'} replacement without need of major structural disassembling.

F 4.14.3.3  “All instruments should be removable from the tront of the panel.

4.15 FIRE PROTECTION SYSTEM

[ The fire protection system consists of those fixed and portable units and components
L which detect and indicate fire or smoke and distribute fire extinguisher agents to protected
[ .- arcas ol the aircratt, Tvpical components are:

a. Detectors.

h. Bottles.

¢ Vulves.

Jd. Tubes.

e. Indicating systems,

The loss of the fire protect:on system aces not in itself result in a desradation of
vehicle or mission pertormance. Loss of the system increases the probability of a sustained
fire given dumage to another system which either contains combustibles or becomes an
nition source.

Additional specification variables which could attect the vulnerability ot the tire pro-
tection system, and therefore must be considered. are contuined in Appendix A.

The components of the system are primarily vulnerable to the penetration and severing
ettects of projectiles and tragments. The survivability specification should include the identi-
tication or detinition ot the threat. It should also include any requirements tor multiple
emplovments ot the system after damage,
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Vulnerabdity reduction requirements tor the fire protection system are closely refated
to the propulsion system and propulsion system installation requirements and should to
thoroughly coordinated with the requirements for these systems.,

Sample vulnerability reduction requircments statements tor the fire protection system
are wiven m subsequent paravriaphs,

4 151 Applicable References

Apphicable retferences tor the survivability and design of the subsystem are ziven below.
Reterence should  also be made to report JTCG/AS74-D-003. Documentation  of
Survivability, Vulnerability Related Adrcratt Military Specifications and Standards.

ac MIL-C-22284,
b, MIL-E-22245,
¢ MIL-D-27724,
do MIL-F-23447.
. MIL-F-7872,

4.15.2 Fire Protection System Survivability Design Considerations
P By >

15201 A highly rehable and survivable fire detestion system plus fast acting, multiple-
shot fire extineurshers shall be installed i cach engine compartiment/nacelle.

415,22 7 The system shall be capable of performing its functions alter any single hit by
the projectile impacting at a velocity of __ft/sec.

+13.2.3 " The fire protection system shall incorporate design teatures to reduce its valnera-
Miliey to external triendly and hostile electromagnetic environments,”

+.16 CREW STATION AND PASSENGER COMPARTMENT
Crew station and passenger compartment protection for nonnuclear threat weapons
mvolve, primanly. the deteat of their penetration and impact capabilities and protection
trom the spall or debris which results trom projectile or fragment impact and penctration,
Addmional specification varables which could attect the vulnerability of the crew
station and passenger compartments, and therefore must be considered, are contamed 1n

Appendix AL

Sample valnerability reduction requirements statements for the crew station and pas-
scer compartiment are miven m subseqguent paragraphs,

4.16.1  Applicable References
Apphcable references tor the survivabihty and design ot the subsystem are aiven below,

Reterence should also be made 1o report FICGAAS-74-D-003, Documentation ot
Sursivabiity - Vadnerability Related Aareratt Military Specitications and Standards.

61




raderoansme-usaaiman Astetlan et et et aa st A Rt i S St i S .-.-*.-I:T

JTCG/AS-77-D-001

a. MIL-I-8675.

b. MIL-A-19879,
¢ MIL-C-18491,
d. MIL-STD-1288.
e. MIL-B-43366.
. MIL-E-9426.

o MIL-G-5485.

ho MIL-S- 18471,

i. MIL-S-58095.

i MIL-S-9479,

k. MIL-STD-IS11.

4.16.2 Crew Station

“The (pilot/aircrew) and critical components shall be protected at all aspects. exclud-
ing the canopy and windshicld arcas. against the tollowing threats.

a. (Single, multiple) hits by the___-mm AP (or APD), Type___projectile impacting
normal to the skin at __ft/sec.

b. (Single. multiple) hits by the___-mm HE (HEI or HEI-T), Type___projectile
with___tuze impacting normal to the skin at___ft/sec.

¢. {Single. multiple) hits by a __-erain fragment with (hardness scale. value) hardness
impacting normal to the skin at ___ft/sec.”

4.16.2.1 Windshields and Canopy

4.16.2.1.1 “The front windshield pancl will be designed to deteat the —mm APL Type

projectile impacting at 2 obliquity. Backtace spall protection will be provided tor
the front windshield to protect the (pilot/aircrew) from windshield tragments resulting from
the above threat and from a 4-pound bird impacting at the level tlight maximum speed ot
the aircraft at sea level,

4.16.2.1.2 If front-panel and quarter-panel windshields are employed. they shall have
transparent spall protection on the back face to contain the pieces ot the impacted wind-
shield panels and to minimize injury to the (pilot/aircrew) due to windshieid tragments.

4.16.2.1.3 *The canopy shall be a spall resistant material.
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4.16.2.1.4 “The windshield(s) and canopy shall be designed with minimum of curved
surtaces to minimize the visual signature from reflected light and to minimize distortion.™
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4.16.2.2 Armor

“Parasitic or integral armor shall be used to protect the crew station and other critical
components ot the uaircratt only when adequate protection cannot be provided through
other design approaches.
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4.16.2.2.1 Armor design and the design ot front windshield panels. for all threat projec-
tiles. will employ the tollowing design criteria.”

4.10.2.2.1.1 “Ballistic protection shall be provided for the (Vgs. Vsg) level. This is the
velocity tor a spevified penetrator tor which there is a (95, 50) percent confidence level that
no complete penetration ot the armor system witl occur.

4.10.2.2.1.2 The slant range distance between the ground-based gun and the aircratt shall
be____teet.

4.16.2.2.1.3 ~The aircratt velocity vector shall be
along the aircratt’s fongitudinal axis.

(feet, meters) per second aligned

4.160.2.2.1.4 Allaircratt attitudes shall be considered.

4.16.2.2.1.5  “Except where specified, components that are required to be invulnerable to a
given threat projectile shall be protected. shielded over the full sphere of impact directions.

4.16.2.2.1.6 “Armor designed to defeat a given threat projectile shall be dvnamically sized
to dccount tor the relative motion between the projectile and the aircraft (L.e.. accounting
shall be mude for the aircraft velocity. the projectile striking obliquities and velocities, yaw
mduced into the projectile at impact, and the tipping or tumbling trajectory changes due to
projectile contact with the aircraft skin or other surtuaces).

416.2.2.1.7 I titanium is used as integral armor, provisions shall be made tor the possible
future installation of lines. ducts, cables. or wire bundles for added aircraft subsystems, If
decess holes are provided tor future use, the holes will be capped and hardened to the same
halhstic protection level as the material they replace.

4.10.2.2.1.8  Battle damaged integral or parasitic armor materials, which are repaired. will
he restored to their original structural load-carryving capacity. if any. and to not less than ___
percent of their original ballistic protection limit,

Note: I a Combat‘Battle Damage Repair Manual™ (C/BDRM) is prepared. it shall include
the tollowing two requirements.

416.2.2.1.9 “The contractor will include in the C/BDRM. a detailed description. with
tHlustrations. ot the procedures and techniques needed to pertorm in-tield and depot-level
Nattle damage repair of all armor and spall-suppression material used in the aircraft. The
C BDRM will specity under what conditions and degrees of battle damage the integral or
parasitic armor muterals should he repaired in-field or lett for depot-level repair.

41622010 "Where tapered. nulled. or sculptured inteeral or parasitic armor materials
are wsed, the C BDRM will include:

4o A description ot the procedures and techniques for in-ficld and depot-level repair
and restoration ot the damaged armor material including the milling equipment and
methods to be used.
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b, A designation of constant gauge aluminum or titanium materials of equivalent .
ballistic protection. which can be directly substituted in-field for battle-damaged
nonconstant gauge armor materials and which describe the mounting or installation
techniques needed to compensate tor this armor substitution.™

4.16.2.3 Armored Trade Studies (Sce Section 2.6.2.)
4.16.2.4 Armored Seats

It armor-protected  seats  are  required.  they  shall incorporate  the  tollowing
characteristies.

a. Ease of installation and removal using a standurd mechanies tool sct.
b, Maximum protection tor the head. neck, and torso arcas of the crewman’s body

texclusive of the chest area and torward hemisphere) against the projectile
impacting at {feet or meters ) second at 2 obhiquity.

¢. Nonterterence with vision or with the operation and accessibility of crew station
controls.

d. Minimum weight penalty.”™
4.16.2.5 Crew Compartment Lighting

“Cockpit crew compartment lighting shall be designed to climinate or minimize the
possibility of detection of the light by a ground observer,™

4.16.2.6 Crew Station Battle Damage Repairability

“Crew stations in an aircraft contain many sensitive instruments. components, and
transparencies and should be designed to minimize the generation of secondary tragments or
spall rrom ballistic penetrators (projectiles or tragments), These clements shall be identitied
so that they can be considered tor protection and so that consideration may be given to
design methods which allow removal and replacement of such items rapidly either individu-
alfy or as a part of a crew station unit. Provisions shall be made to permit rapid removal of
instrument panels. equipment. or secondary structures to gain access Lo electrical cabling.
environmental controls. ete., for replacement or repair.

“Transparency material selection and design shall minimize the possibility of explosive
shattering when impacted by a ballistic penctrator. Ballistic damage to transparencies nor-
mally requires direct replacement, They shall. theretore, be designed to permit such replace-
ment with a minimum of tooling. man-hours. and cost.™

{The folowing requirement is applicable it the aircratt is to be operated trom the deck
of an wircratt carrier,)

d
- . . et - AT < - . . L. -~ .
P R N A AR ._._-‘..\.“.’.‘\.' RCH N R W A

AT I AR N NP I DA I, PP IO 0P Ny ST LT 2 T ST DX 10 S0 S0 U GO IO JASI0 . Sl S0 T N e A




JTCG/AS-77-D-001

4.16.2.7 Fire Engulfment Protection

“The cockpit area shall be designed to protect the (pilot/aircrew) for (5 minutes) from
a carrier deck fire of ___° (Fahrenheit. Celsius) engulfing the aircraft.”

4.16.3 Passenger Compartment
“The passenger compartment shall be protected trom the ~erain fragment threat

impacting normal to the skin of the aircraft at an impact velocity of (feet or meters) per
second.”™ :

4.17 OXYGEN SYSTEM

The oxvgen system consists of those units and components which store, regulate. and
deliver oxygen to the crew and passengers. Those components include:

a. Bottles.

b. Relief valves,
¢. Shutoff valves.
d. Outlets.

¢. Rcegulators.

t.  Masks.

¢ Lines.

As a storage and distribution system for a pressurized fluid, the oxygen system is
vulnerable to anvthing that will cause a perforation or severing of the system. The pressure
vessels in themselves can be the source of secondary kill mechanisms it they are susceptible
to explosive disintegration when damaged. The pressurized oxygen also compounds any fire
hazard.

The kill mechanisms to which the system is vulnerable include both kinetic energy and
explosive projectiles, fragments, and blast (either directly on the components or through
any structural deformation that will sever or rupture an oxygen line), The system is also
extremely vuinerable to the secondary kill mechanism of fire within the aircraft and may be
vulnerable to secondary spall mechanisms.

The oxygen system survivability specification may either be one in which the threat
and its Kill mechanisms are defined (protection or the system is required tor this threat) or
the requirement may be to protect the remaining systems through isolation or containment
of any secondary kill mechanisms or weapon effects which could result from damage to the
svstem.

Additional specification variables which could affect the vulnerability ot the oxygen
svstem. and therefore must be considered, are contained in Appendix A.

Sample vulnerability reduction requirements statements for the oxygen svstem are
aiven in subsequent paragraphs.
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4.17.1 Applicable References

Applicable references tor the survivability and design ot the subsystem are given below.
Reterence  should  also be made to report JTCG/AS-74-D-003. Documentation  of
Survivabdity Vulnerability Related Aircrart Military Specifications and Standards.

a. MIL-D-193 26,
b. MIL-D-3083.

4.17.2 Vulnerability Reduction for the Oxyzen System

4.17.2.1 “Design of the crew oxyeen system shall be such as to ensure that loss ot the
arrcraf’t does not occur due to a single hit from:

a. -mm (API or API-T). Type projectile impacting at a velocity of___ft/sec.
b, ~mm (HEl or HEI-T). Type projectile impacting at a velocity of____ft/sec.
C. ~arain fragment impacting at a velocity of ____ft/sec.

be generated to other systems of the aircratt structure if ruptured by ballistic damage.

4.17.2.2 Oxveen containers shall be located to minimize the amount of damage that may

4.17.2.3 Oxveen lines shall be isolated tfrom all combustibles. particularly liquid combus-
tibles such as tuel. hyvdraulic fluid. and lubricating oil.™

4.18 MISCELLANEOUS SYSTEMS

There are several additional aircraft systems which are frequently ignored in the survi-
vability specitication for an aircraft or its systems. These systems and their components
should be reviewed. however. to determine the etfect of the loss ot their functions on the
aircratt and to determine whether or not their damage can result in the generation of
secondary kill mechanisms (spall. fire. ignition sources. cte.h Some of these additional
systems and typical components ot cach are as follows:

a. Vacuum system - those units and components used to generate. regulate, and
deliver negative air pressure. tncluding:

1. Pumps.

2. Regulators.

3. Lines.

4. Munitolds.

3. Pressure indicating systems,

joy

Warning systems.

h. Lizhting system - those units and components that provide external and internal
uminations. such as:

1. Bulbs.
2. Light fixtures,
3. Switches,
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Wiring,
Landing lights.
Navigation lights,
7. Position indicating lights.
. Wing illumination.
9, Rotating beacon,
10. Courtesy lights.
L1, Taxi lights.
12. Inertia tlashlights,

o
th ;j,..

.
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<. Emergency survival equipment — those umts and components that are provided to
enhance the crew ! passenger probability of survival given the ¢jection or egress from
an aircratt in tlight or the ditching or crash lunding of the arrcraft. including:

1. Parachutes.

2. Life rafts.

3. First aid Kits.

4. Pvrotechnics.

3. Fire extinguishers,

0. Fire axes,

. Emergency lights.

X. Emergency exit ladders,

9. Aviators’ clothing.

10, Helimets,

11, Oxvgzen masks.

[ 2, Bailout bottles and regulators.
13. Communication equipment.
14, Radiation/thermal shields.

d. Escape system — includes the units and components of the ejection scat/capsule
sVstem:

1. Scats,

2. Rails,

3. Cuanopy breakers.

4. Sequencing deviges.

5. Controls,

6. Retract/restraint devices.

o ~. Ejection cartridges.
o %, Rouckets.
o 9, Cartridge activation devices,
(" 10, Protective enclosure,
p- - F1. Ground satety devices.
e
t ¢. Starting system — those units, components, and associated svstems used in the

starting ot the engine. including:

[ R
11

.
PRI R

1. Electrical. inertial air, or other starting systems.
2. Plumibing.
3. Valves,

]
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l 4. Wiring. '

3. Switches,

- 6. Relays.

= .
N . Emergency power svstems  includes ram air turbines, hydraulic-driven emergency

electrical power umits, and hand-driven emergency hvdraulic power systems.
1. Ram air turbine,

a. Extension and retraction cylinders.
b, Control valves.

¢. Reservoirs.

d. Handles.

¢. Cables.

t. Pulleys.

u. Springs.

h. Switches.

i. Wuarning lights.

j.  Hydraulic power units:

Hydraulic pumps.
Regulator valves.

By pass valves,
Control valves.
Prossure switches.
Pressure transinitters,

k. Electric power units:

Generators,

Voltage regulators.
Transtormer rectitiers.
Transter refavs.,
Wiring,

2. Hydraulic-driven emergency clectrical power unit:

J4. Motor generators,

b, Hyvdraulic motors,

<. Motor generator regulators,
Jd. Transter relays.

¢. Undervoltage regulators.

. Bus control relays,

e, Wirine,

3, Hand-driven emergency hydraulic power system:

a.  Reservoirs,
b, Hand pumps.
c. Filters,
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d. Reliet valves.
e. Check valves.
f. Lines.

-
g, Airborne auxiliary power system - those airborne powerplants (engines) which are
installed on the aircraft tor the purpose of generating and supplyving a single type or
combination of auxiliary electric. hydraulic pneumatic. or other power.

Power and drive section.
Fucl.

Ignition.

Control systems,
Wiring.

Indicators.

Plumbing.

Valves.

Ducts,

SO0 4D N de vl —

Each of the components of these miscelluneous systems is vulnerable to one or more of
the threat weapon kill mechanisms and. if the functional capability of the component is
required for aircratt survival, a survivability specification statement should be developed. In
general, these survivability specification requirements can be patterned after those of similar
components in the primary systems,

Additional specification variables which could affect the vulnerability of these miscella-
neous systems, and theretore must be considered, are contained in Appendix A.

5.0 REQUIREMENTS FOR NUCLEAR VULNERABILITY REDUCTION

Atrcraft subsystems and components. and therefore the total aircraft system. are vul-
nerable to nuclear weapon effects, It a hostile nuclear weapon threat exists. or if the aircraft
can potentially be exposed to nuclear eftects from its own weapons or weapons of triendly
torces, then nuclear protection requirements shall be considered in the preparation ot the
survivability specification.

The material presented in this section is organized by weapon cffects. The require-
ments statements that are presented represent both general and specific requirements.

Representative general paragraphs and sampile statements have been supplied in this
section for use in aircraft procurements and represent varying levels of survivability/
vulnerability (S V) requirements involved in the design. Each of these representative para-
raphs and sample statements is provided to serve as a guideline only. and is to be used only
atter appropriate tailoring or moditication to meet the needs of the specitic procurciment
specttfication for nuclear vulnerability reduction,
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5.1 GENERAL STATEMENT

L “The aircraft system shall be designed to withstand the levels of hostile nuclear weapon
ettects required by the §;V specitication and the statement of work. These values shail be
. mission completion levels required for delivery of the aircratt weapons upon the specitied
' turget in a nuclear conflict,™

5.1.1 Relationship of Requirements to Mission Phases

“Environmental elements are applicable in varyving degrees during each mission phase:
therefore. the nuclear environments and ettects shall be related to the mission phases as
appropriate. These are as tollows:

a. Thermal and blast — penctration/combat and weapon delivery/withdrawal,

b. Transient radiation etffects on clectronics (TREE) - total ionizing dose following
landing gear retraction through recovery.

¢. TREE - prompt dose (dose rates) and neutron tluence during penetration/combat
and weapon delivery/withdrawal.

d. Electromagnetic Pulse (EMP) - from parked on noncockpit alert through
recovery.”

-

5.1.2 Typical Helicopter Requirement with Restricted Hardening Applications

“There are severat important guidelines to consider in the development ot a responsive
nuclear hardening plan. They are:

A& Nuclear encounters are extremes ot military expectation and tor aircratt should not
be considered a normal event (ie.. nuclear encounters are unlikely to occur in
evervday application ot the materiel). The weight and cost penaltics of hardening to
that criteria (sure-sate) are unwarranted for aircraft at this point in time.

b, The aircratt should be hardened to a “mission completion™ kill critena. Specitically
the aircratt should be capable of surviving to the criteria listed below after being
subjected to nuclear effects as outlined for two levels in the classified specitication
attachment:

1. Shall be capable of continued safe operation for at least (30 minutes) after
damage received during the following modes:

A In-flight hovering - maximum load.
b, In-tlight cruise — maximum load.
¢. In-flight cruise — minimum load.

2. Shall be capable of completing at least (30) primary mission tlights following a
period of (24 hours) of elapsed time for repairs after sustaining damage coffects
during the following modes:
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Parked prepared for attack.

Parked prepared tor tlight,

¢. In-tlight hovering — maximum load.
d. In-tlight cruise — maximum load.

¢. In-thight cruise — minimum load.
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The performance degradation for which the above conditions can be met (e.g., permissible
load. speed. hover. landing, and takeott characteristics) should be results of the hardening
analysis.

o The plan should consider the combined intluence on aircraft due to nuclear ettects
according to:

1. Transient response at the time ot loading of:
Jd. In-flight stability
b. Structural components.
¢. System components.
d. Passenger/payload.
2. Permanent changes due to nuclear etfects on:

d. Aircraft stability and control.

b. Aircraft flight performance parameters (e.g.. range, payload. endurance.
speed).

¢. Maintenance or operational life.

Jd. The thermal and blast damage effects to material properties should be considered in

combination.
¢. Thie efforts shall be a comprehensive analysis considering the above and shall
include:

1. Large deformation and partial failure studies (the structure may exceed the
vield point ot the structural material and take permanent set. The desired
load capability of the damage structure is (75 percent) of limit loads).

2. Trade-off studies involving partial damage and reduced pertormance criterii.

3. New kinds ot veritication tests or criteria,

4. Recommiend design or material changes to accomplish degrees of hardening
with their weight and cost trade-ofts.”
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S.1.3 Requirement Limited to Electromagnetic Pulse

“The ondy o nuctear requirement to be considered tor the wircratt is the high altitude
civetroinaznetic pubse (EMPY threat, The design should consider possible exposure at any
Teve trom hangared states to massion completion. When exposed to the EMP. the aircratt
ol Beabie to complete its misston and effect return and recovery. The approach to
acineve tne speattied levels ot EMP hardness shall be described by the bidder. The descrip-
ton sthall include the estimation of penalties associated with hardening in terms of weight
amd costs (RDT&E und productiony,”™

5.1.4 Design Procedure

“The approach tor achieving the specitied levels of nuclear hardness shall be described
by the bidder (contractory. The description shall include the estimation of penalties associ-
dated wath cach hardenmg technique in terms of weight and costs (RDT&E and produc-
tion),”

5.2 NUCLEAR BLAST

Two types ot requirements statements are presented below: a zeneral qualitative state-
ment and a statement which detines quantitatively the blast fevels tor which protection is to
he provided.

3.2.1 Qualitative Requirement

“The arrcraft shall be designed to withstand the overpressure and resultant gust eftects
from the nuclear weapen type and yield in the encounter conditions contained in the
stutement of work., The aircratt weights, tuel loadings. and weapon loading shall be as
specitied for the nuclear contlict mission.

3.2.2 Quantitative Requirement

“The aircratt shall effect return and recovery when exposed to____repetitions of___
psi overpressure and associated 11 sec gust tor all orientations about the aircratt. The
blast environment shall be imposed during maximum muancuvering conditions. Blast and
thermal environments will be considered independently. The tree tield overpressure pulse
shupe s shown in the following figure., As a goal the aircratt will also complete its assigned
nission,
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5.3 THERMAL RADIATION

“As with nuclear blast. a general qualitative statement and a more specitic example
with quantitative requirements are presented.

3.3.1 Qualitative Requirement

“The aircraft structure. crew stations. and external essential components shall be de-
signed to withstand the mission completion level of thermal radiation cited by the SV
specification and statement of work.™

5.3.2 Quuntitative Requirement

“The aircratt shall etfect retum and recovery when exposed to repetitions of the
free field nuciear thermal flux and fluence environments shown in the following figure. The
thermal environment shall be imposed during maximum maneuvering conditions. The ther-
mal onvironment shall be considered independently from the blast environment uand the
aireratt shall be allowed to cool between irradiations.
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THERMAL RADIATION ENVIRONMENT

The tollowing criteria shall be used to determine absorbed thermal fluence levels:

a.  Exterior surfaces (e.g.. tuselage, wing, nucclle.’control surtaces. firings. etc.) shall be
hardened to a thermal fluence of cal/cm~- absorbed. The absorbed pulse shape
shall be determined tfrom the tigure on the previous page using an absorption fuactor
of ..

b, All other exposed components (e.g.. radomes. window. antennas. scails. ete.) shall
be hardened to the incident thermal pulse specified in the figure. As a goal the
aircraft will also complete its assigned mission.”™

el
PN

GAMMA'NEUTRON RADIATION
The example requirements statement is as follows:

“The tlight and mission essential clectronic components of the aircraft systems and
weapon delivery subsystem shall be designed to withstand the levels ot gamma and neutron
radiation cited by the S/V specification and statement of work. These compounents shall be
hardened so that the functions required tor weapon delivery will be intact. Consideration
shall be given to meuans of protecting the crew trom radioactive tallout particles. Filtering
techniques uand positive cockpit pressures shall be considered. Collecting of radioactive
particles near the crew or sensitive equipment shall be avoided

“The aircrart shall etfect return and recovery when the electrical and electronic com-

ponents are exposed to the radiation levels detined in the following table. As a goal the
aircratt shall complete its assigned mission.™
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RADIATION HARDENING REQUIREMENTS

Environment Requirement
-
a. Prompt ionizing dose rate* —rad/sec
(delivered for 2x10°8 seconds)
b. Delayed ionizing dose rate* —rad/sec

(delivered for 2x1076 seconds)

rad

¢. Total equipment ionizing dose

d. Neutron fluence* _n_rcm: (1 Mev Si
damage equivalent)

*This environment shall be considered incident on the critical component.

5.5 ELECTROMAGNETIC PULSE
The following electromagnetic pulse requirements statement is presented.

*The aircraft system shall be designed to preclude the failure or maltunction of mission
essential electronic equipment from the levels of electromagnetic pulse (EMP) cited by the
aircratt S/V specifications and statement of work. Hardening techniques most cost effective
for the specific system application shall be selected. The aircraft shall complete its mission
and effect retum and recovery when exposed to the electromagnetic pulse defined in the
following table and figure.”

EMP HARDENING REQUIREMENT

Environment* Requirement
E field _____volts per meter
H field amp turns per meter

*[ree field environment adjacent to airframe.

Rise time: seconds to____volts
Decay time: E(7) =____volts per meter (7 = microseconds)
Htr)=___amp turn per meter
Biry=___gauss
75
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SLOW DECAY POINT MHZ V/M PER HZ

A

8 —_—
C —
db PER DECADE

|

VIM PER HZ

__db PER DECADE

MHZ
SPECTRAL DENSITY EMP FIELD

5.5.1 Airframe Hardening

The following paragraph presents a general statement of the requirements for airtrame
hardening.

“The airtrame shall be designed to provide a minimum db protection to all com-
ponents and systems located inside the airfrume. Airframe shielding shall be detined as
foilows:

Airtrame Shielding (db) = 20 log g %ﬂeﬁi‘%

over a frequency range of__MHz to__MHz."
5.5.2 Cable Hardening

The tollowing paragraph presents a general statement of the requirements tor cable
furdening.

“Mission critical cable shiclding shall be designed to provide a minimum attenuation of
db over a trequency ot __MHz to___MHz. Cable shielding shall be detined as tollows:

Bulk Cable Current
ngle Wire Current in Cable
over a frequency range of ___ MHz to___MHz."

Cable Shielding (db) = 20 logjg Any Si

5.5.3 Component Hardening

The tollowing paragraph presents a general statement ot the requirements for compon-
ent (black box ) hurdening.

“Components shall be designed to withstand the residual EMP induced currents and
voltages at each intertace connector pin, These residual currents and voltages shall not
exceed __amps or___volts over the trequency range of — MH2z to — MHz. In addition. all
components shall be designed to meet the requirements of MIL-STD-461.™
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5.5.4 Deliberate Antennas
The tollowing is a general statement of the requirements for deliberate antennas.,

“Components that are connected to deliberate antennas shall be able to withstand
volts and amps ot EMP induced signals at the components interface.™

5.5.5 System Grounding
The following is a general statement of the requirements for system grounding.

“The aircratt shall be designed with a single-point ground for all buses. These include.
but are not limited to. the tollowing:

a. Primary and secondary AC power.
b. Primary and secondary DC power.
¢. Analog and digital signal buses.™

6.0 DHEW EFFECTS PROTECTION

Protection from directed high energy weapon (DHEW or later) effects has not been
considered except for very recent aircraft procurements: the specification statements of this
section are theretore limited.

Two general statements arc as tollows:

“The bidder (contractor) shall identity and describe any survivability enhancement
teatures provided against hostile high energy laser weapon effects.™

“The aircratt design shall incorporate features that minimize. so tar as practical. losses
due to high energy lasers (HEL). Design techniques impelemented to reduce nuclear or
nonnuclear vulnerability shall not increase aircratt vulnerability to the HEL threat. Design
requirements specified for nuclear radiation shall provide system requirements tor HEL
irradiating___ joules per cm< normal to the aircraft skin.”

6.1 SUBSYSTEM HARDENING REQUIREMENTS
6.1.1 Fuel Subsystem

“The ftuel system Cincluding fuel cells. tanks. lines, pumps, valves, ete,) shall be de-
signed to prccludc burn-through or tailure of the subsystem tor laser irradiation levels up to

w'em= for seconds. The fuel system shall be designed to preclude fires that would
rosult in loss of the aircratt from a single irradiation ot ____w,/cm= tor ___seconds,™

77




JTCG/AS-77-D-001

6.1.2 Propulsion Subsystem

“The tuel accessories of the propulsion system shall be protected to the same level of
irradiation as the lines, valves, pumps, ete. or tch tuel system, Critical engine sections shall
be protected tor an irradiation level of w/cm- for seconds.”

- 6.1.3 Powertrain Subsystems

- “Primary rotating shafts shall be designed to survive a luser irradiation level of

- w em- for___seconds and retain a design load safety factor of atter the exposure.”
’ 6.1.4 Flight Control Subsystem

“The mechanical components’ot‘ the tlight control subsystem shall be designed to
survive an irradiation of w/cm= for seconds. Flight control subsystem electronics
components shall be protected from an irradiation of w/em= tor____seconds.”

6.1.5 Fluid Per Subsystem

- “The 1luid power subsystem shall incorporate high heat tolerant components and
e lines.™

Co. X . . Y

N “The subsystem shall be protected against_a thermal level of joules/cm= on com-
- ponents other than fluid lines and joules/cm= on the lines, Protection techniques such as
{ shielding by noncritical or tess vulnerable components or structure should be considered.”

6.1.6 Electrical Power Subsystem

“Electrical cables tor all essential functions shdll incorporate a shielding material which
will provide thermal protection up to ____Joulcs/un- By-products produced bv the heating
ot these cables shall not present a secondary hazard to personnel.™

6.1.7 Structural Subsystem

“All load bearing surt'uccsﬂshull be designed to carry tull maneuvering flight loads after
a laser irradiation of w/cm- for seconds. A mmlmum maneuvering ﬂl"hl capability
of __ g5 shall be provided atter an irradiation of wicm= for— seconds.”

6.1.8 Crew Stations

“Canopy materials and barrier materials shu.!l he designed to provide protection tor the
seconds,™

crew members for a laser irradiation of wicm= for
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7.0 SURVIVACILITY/VULNERABILITY ASSESSMENT PROCESS

- The survivability ‘'vulnerability (S/V) program should include an evaluation and analysis
. process that culminates in vulnerability and survivability assessments for the system. These
assessments are required to support survivability enhancement trade-otfs, design studies. and
system and subsystem configuration evaluations. The total evaluation process involves an
analysis of the mission and the threat. an analysis of flight and mission requirements and
essential functions, an analysis of flight and mission requirements and essential functions. an
anmalysis of the ways in which components and subsystems fuil and the effect of these
taitures on the total aircratt system, and the identitication ot the critical components. The
process also includes the analysis of the ways in which the threat can cause damage or
failures and the resulting etfect of these tailures. These analyses support the vulnerability
assessment and the subsequent survivability assessments,

The tollowing sections contain representative paragraphs and sample statements tor use
in aircratt procurements. They represent varving levels of S/V requirements involved in
specitying the total S§/V assessment process. Each of these representative paragraphs or
sample statements is provided to serve as a guideline only. and is to be used only after
appropriate tailoring or modification to meet the needs of the specific procurement
specitication,

TILYYY "
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7.1 MISSION-THREAT ANALYSIS

g “The contractor shall define each operational mode of the aircratt system from takcoff

}. through weapon delivery and landing. The defined mission profiles and hostile threat system

- shall be analyzed to define the encounter conditions associated with each. These conditions

- shall be the basis for incorporating survivability enhancement design teatures and conduct-

- ing survivability assessment and survivability trade-off studics. Survivability design criteria
are expected to be influenced by this effort. The mission description shall contain sutficient
detail to provide adequate aircraft configuration factors (weights, center-of-gravity loca-
tions. fuel status. armament loadings. etc.), and proposed operational concepts and tactics.
The hostile threats shall be categorized tor each type of mission employment, and character-
istics shall be specified.”

7.2 FLIGHT-MISSION REQUIREMENTS AND ESSENTIAL FUNCTIONS

“The requirements and essential functions for flight and mission objectives shall be
determined tor each mission phase. The ftlight and mission essential functions shall be
established down to the level that individual aircraft subsystems and major components
required to perform the function can be identified.™

ol
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7.3 FAILURE MODE AND EFFECTS ANALYSIS -

“The failure mode and effects analysis (FMEA) shall establish the tunction ot cach
tlight-mussion critical subsystem. the tunction ot cach component of that subsystem. the :
fatlure modes of cach component in that subsystem, and the etfects of cach failure mode of
that component on that subsystem and on other subsystems,”™

7.4 ESSENTIAL COMPONENT IDENTIFICATION

“Using the established flight and mission essential functions. cach subsystem and major
component required to perform each function shall be identified. Subsystem and tfunction
redundancies shall also be identified. This shall include degraded modes ot operation where
such conditions are related to specific Kill levels in survivability assessments and tor svstem
eftectiveness analyses,™

7.5 DAMAGE MODE AND EFFECTS ANALYSIS

“A damage mode and etftects analysis (DMEA) shall be pertormed tor the specitied
nonnuclear threats. The failure (response) mode(s) for each essential component shall be
identified. The effect of cach failure mode upon the essential function(s) of the aircraft
system shall be determined. along with the effect upon tlight capability or mission comple-
tion, It shall include all identified flight and mission essential subsystems and components.
Primary and secondary weapon effects. to which each component can be exposed. shall be
identified. The type of damage mode that each component can experience (i.e.. shattering.
Jamuming. loss of fluid. cteo) shall be identified. The possibility ot secondary hazards that
may be created by the primary weapon etfects (fe.. tire. explosion. toxic fumes, smoke.
corrosive materials. cte.) shall be identified. Each nonessential component shall also be
cxamined to determine it a hazardous environment may be created by primary weapon
ctfects. This will also include any cascading effect on other systems from an initial system or
component failure. The essential components that may be exposed to the hazardous en-
vironments shall be identified.”

7.6 VULNERABILITY ASSESSMENT (NONNUCLEAR)

Several vulnerability assessment requirement statements are presented below, They
cach represent a different level of detail and complexity. The statement used in a procure-
ment should be based on the example(s) which is most compatible with the available data

and the required results of the program to be procured.

7.6.1 Computerized Assessment

“The design shall be subjected to a nonnuclear vulnerability assessment. The assess-
ment shall employ the (GIFT, SHOTGEN. FASTGEN) methodology in the development of
a target description and the (VAREA. VAREAQ2, COVART) micthodology to determine
vulnerable  areas. The  assessment shall include  all identified  essential  subsystems;
components, required Kill fevels, hostile weapon effects. and attack directions. As a mini-
mum. the following data shall be developed as part of this assessment.
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a. Component presented area tor cach attack direction.

b, Estimated masking or shielding (in cquivalent 2024T6 aluminum plate thickness)
for each attack direction and threat type.

¢. Conditional kill probability (Pg/H) of each component for cach nonnuclear wea-
pon tvpe, and striking velocities from (500 to 3500) ft/sec in increments of
(300) ft/sec for projectiles, and (3500 to 9500) ft/sec in (500) ft/sec increments for
mission and high explosive projectile fragments.

d. A three-view drawing of the aircraft system (1/10 scale) shall be provided that
accurately shows the location and size of cach essential component. [t shall be in
sufficient detail to permit planimetering of component presented arca and signifi-
cant masking and/or armor shielding,

¢, The vulnerability of the aircraft system shall be assessed for 26 attack directions.
These are for the following azimuth/clevation angles: 0°/0°, 45°/0°. 90°/0°,
135°/0°. 180°/0°. 225°/0°. 270°/0°, 315°/0°., 0°/-45°, 45°/-45°, 90°/-45°,
135°/-45°, 180°/-45°, 225°/-45°, 270°/-45°, 315°/-45°, 0°/+45°. 45°/+45°,
90°/+43°, 135°/+45°, 180°/+45°, 225°/+45°, 270°/+45°, 315°/+45°, 0°/+90°, and
0°:-90°. The vulnerable areas for singly vulnerable and muliiply vulnerable compon-
ents shall be summarized by subsystem and for the total aircraft system tor cach
detined Kill category.

. The mun-hours. downtime, and logistic support required for repair of combat dam-
age shall be determined for the specitied mission-threat encounter conditions,”™

7.6.2 Analysis at Limited Aspect Angles

“The contractor shall conduct a nonnuclear vulnerability assessment of the design
configuration. The assessment shall determine vulnerability from the six cardinal directions
ttront, rear. left side. right side. top. and bottom). The single hit vulnerability of the design
will be determined for the kill levels for the tollowing threats:

[ P,

b ... tte

“Vulnerability to projectiles shall be determined at impact velocities trom tt/sec to
ft.sec in increments of ft/sec. For the specified fragment(s). vulnerability shall be
determined for impact velogities trom tt/sec to ft/sec in increments of ___ ft/sec.

“Each flight tand mission. it applicable) essential component or clement shall be identi-
ficd together with the conditional kill probability (Pg/H) functions for the specitied threat
weapons, The rationale (test data, analysis. assumptions), upon which the PK /H functions
are bused will be provided.

“Each significant masking or shiclding clement related to the essential items shall be
identified and described. .

“Vulnerability assessment results will be presented for each of the six aspects defined
above,
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“A 1/20eh scale drawing of the design configuration shall be provided. This drawing
shall identity and locate all mission and flight essentiul components/clements together with
all significant masking and shielding. Additional views and sections that clarify special §/V
teatures should also be provided.™

7.6.3 Typical Helicopter Vulnerability Assessment

A vulnerability analysis shall be conducted during the selection of the design configu-
ration, The vulnerability analysis shall be presented in the form of vulnerable area as a
function of striking velocity for each threat and each category of kill. The key threats to be
considered in this study are 7.62-mm_API. 12.7-mm API. 14.5-mm APl 23-mm API and
HEI. 30-mm HEI. 37-mm HEL and 57-mm HEI (Low and mid-intensity threats). The

striking velocities shall range from (500 to 3500) ft/sec in (500) ft/sec increments.

“The contractor shall follow the following procedure and methodology in his vulnera-
bility analyses:

a. Target technical description. Detailed information on the construction and opera-
tion ot all the systems. subsystems and componcnts form the major portion of the
target technical description. The description shall include a tabulation of all critical
components, listing their title and function along with the failure mode. the cause
and the effect of a failure on the component, subsystem, and system. All potential
damage mechanisms shall be considered as well as secondary damage effects such as
fires, explosions, leaking fluids, ete. Scale drawings (1/10 to 1/4 scale) with dimen-
sions of the aircraft contiguration with focations of its major systems and their
components shall be used to determine the presented areas of these components for
the 18 attack directions (i.e.. azimuth/elevation: 0°/0°. 45°/0°, 90°/0°. 135°/0°.
180°/0°. 225°/0°. 270°/0°. 315°/0°. 0°/-45°. 45°/-45°. 90°/-45°, 135°/-45°,
180°:-43°, 225°/-45°, 270°/-45°, 315°/-45°. 0°/-90°). If a computer is used. these
drawings will be used to determine the input data for the computer. The drawings
shall also provide data concerning the shielding offered to individual target compon-
ents by other portions of the vehicle. Additional detailed assembly drawings may be
required for critical components, The contractor will provide a list of the vital
components (regardless of threat for each system which could contribute to each
category ot kill). Although the primary vulnerability analysis will be conducted for
the aircratt in forward flight, the list of vital components should show the level of
kill for damage when the helicopter is in a hover mode of tlight,

b. Probability of kill given a hit (Pg,y) for cach component. The contractor will
assign the Pg's to all the components and submit the list for approval, The
Pk H> should be reviewed and revised periodically and as design changes arc
incorporated,

¢. Presented area (Ap) Once the conditional kill probabilities for each component
have been ascertained. it is necessary to reconsider the target technical description
to determine component presented arcas. One of the least complex and most tre-
quently used means of obtaining presented arcas ot helicopter components employs
a planimeter to measure them tfrom scale drawings made tor cach ot the principal
views to be considered. Several computer programs. notably the GIFT program and
the SHOTGEN program, have been developed for obtaining presented areas as well
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as shiclding tor the components. During this process of obtaining presented areas, it
will be necessary to consider the space orientation of the individual components
and evaluate the masking or shielding provided to each component by the rest of
the helicopter. In general. any shielding provided to a particular component by the
rest of the aircraft will be reflected as a reduction in the conditional kill probabil-
ities tor that component for all or some of the velocities tor a particular view or
views. This reduction of conditional kill probability is not arbitrary but based on
the residual weight and velocity of the threat after it has perforated the shielding
material. A component may be completely shielded for some or all of its presented
arca tor one or more of ‘the views considered. If this occurs. the presented area of
the component tor these views must be reduced correspondingly, When armor is
employed to protect aircraft components, the effect of the armor is analyzed as
masking, When the armor is pertorated, behind-plate eftects will be accounted for.,
Le.. number. weight, velocity and direction of pieces (for some new types of armor.
new firing data will be required).

d. Vulnerable area (Ay). After the conditional kill probabilities have been estimated
tor the components of the helicopter and the presented areas of these components
have been determined, vulnerable arcas of these components will be generated.

e. Vulnerability data presentation. Total aircraft vulnerability for all threats, striking
veloctties. directions, kills, etc,, should be considered and presented in a manner
which will facilitate evaluation of the net effects obtained by subsequent changes in
component size. location. or kill probabilities and protection additions.

7.6.4 Selection of Methodology

It the procurement agency desires the contractor to select the m=thdology, the follow-
ing statement may be used as a guideline.

“The vulnerability assessments of the aircraft shall be accomplished using the data
resulting trom the mission-threat, system description and function, and failure and damage
mode and effects analyses. The basic objectives of the vulnerability assessments are to (1)
identify deficiencies and cvaluate methods and design changes to reduce vulnerability and
(2) to provide inputs for the survivability assessment of the aircraft.

“The methodology to be used for the vulnerability assessments shall be selected by the
contractor and submitted to the procuring activity for approval. Buasic methodologies and
associated computer models identified as standards by the JTCG/AS are available. The
sclected methodology shall provide a means for effective iterative vulnerability assessments
during aircraft design. development. and production. It shall provide a tool for use by the
applicable service during the operational phase to conduct vulnerability assessments required
due to changes in missions, tactics, threats, and aircraft configuration.”™

7.6.5 Vulnerability Assessment Documentation
The vulnerability assessment documentation should include specitic design, analysis,
and assessment data so that the procurement agency has a complete understanding ot the

results and the process by which they were obtained. To achieve this. the procurement
specitication should include a documentation requirement such as the tollowing:
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“The vulnerability assessment report shall contain a summary ot the steps performed in
the vulnerability assessment. It shall identity and describe the models. computer programs,
or manual procedures used in the assessment and identify the appropriate reference docu-
ments. There shall be a detailed description of the following assessment elements along with
the process used in their development

J4. Lethal criteria.

b. Component vulnerability assessments (Py /H values).

¢. Failure mode and effects analysis (FMEA).

d. Listing of critical components.

¢. Dumage mode and effects analysis (DMEA).

. Quantitative assessiment of the accuracy of the FMEA and DMEA.
2. Presented areas (by appropriate aspects).

h. Vulnerabie areas (by appropriate aspects).

i. Sources ot data used in the assessment,

j. Blast kill contours or volumes.

7.7 VULNERABILITY ASSESSMENT (NUCLEAR)

The following is a representative requirement statement for the assessment of vulnera-
bility to nuclear weapon etfects.

“The system shall be subjected to a nuclear vulnerability assessment. It shall be con-
ducted for the nuclear weapon yeild and encounter conZitions specified in the system
statement of work and system specification. The envelopes for each nuclear environmental
eftect. resulting from defined encounter conditions. shall be plotted tor the mission comple-
tion. misston Kill. and sure Kill categories. The assessment shall be conducted using the
methodology defined in the aircratft S/V specification and contract statement of work.

“The aircrart design shail be subjected to a detailed dynamic response analysis to
determine the (massion completion allowable) response ot all mission critical parts. compon-
ents. subsystems, and systems, For cach part. component. subsystem. or svstem design. the
relationship of the tmission completion allowgble) response as a tunction of the nuclear
environment of this specification shall be prepared. As a simple example. consider a circuit
component in which the (mission completion allowable) response to neutron tluence is a
eain degradation of 2 amps. The response of this component to the neutron fluence of this
specification will be computed. If the gain degradation trom the specitied neutron fluence is
found to be less than 2 amps. the design meets the specification: if. on the other hand. the
wain degradation is found to be more than 2 amps. the design does not meet the specitica-
tion and it must be redesigned. The contractor will present these data in such a manner so
that the procuring agency working group can casily determine that the system design detini-
tion meets the S/V specification. The contractor will ensure that the design definition meets
the S/V specification before proceeding with the steps defined below.

“The contractor shall perform a system response analysis based upon all of the modes
and threat combinations established in the mission-threat analysis. This analysis shall show
the (mission completion allowable) levels of cach nuclear environmental etfect which may
be imposed upon the system design by cach condition identified in the mission-threat
analysis. This analysis shall be performed according to the following itemization.
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a. Using the actual phenomena pulse shapes associated with the yield, altitude. etc.. of
cach condition. the contractor shall calculate the ranges in all directions from the
aircrat’t system at which detonations can occur and produce the mission completion
allowable responses. The envelopes tor each nuclear environmental etfect deter-
mined above shall be plotted on the same figure for each separate vield and altitude
combination considered. A minimum of eight range data points equally spaced shall
be used to plot each 360° response envelope in each plane. Envelopes shall be
provided for at least a top and side view of the system. The nuclear environment
produced at the system by weapon detonation at each range data point shall be
recorded. Where applicable. phenomena pulse shapes shall be included as a part of
the description ot the environmental eftect.

b. In order to provide insight into the severity of the radiation environment on mis-
sion completion. as a separate effort trom above, the contractor shall construct
envelopes that describe the total whole body radiation dose absorbed by the crew.
For cach condition of the mission-threat analysis. the contractor shall calculate the
ranges in all directions from the aircraft at which detonations can occur and pro-
duce six total whole body radiation doses. Detonation orientations. natural aircraft
shielding. and parts of the body exposed will be considered in determining the
ranges at which the stated values of radiation are actually absorbed by the crew.
The procuring agency shall select values of six doses which relate the aircrew
mission completion allowable radiation dose levels based upon aircrew task com-
plexity information and aircrew response time histories. The contractor shall then
construct envelopes showing the ranges in all directions from the aircraft at which
detonations can occur and produce these aircrew mission completion allowable
radiation dose levels.

The procuring agency shall review the efforts above to determine if the S/V specitica-
tions chosen are sutficient to counter the threat conditions identified in the mission-threat
analvsis. If the analyses show. in the opinion of the procuring agency. that the system design
definition should be altered. the contractor shall propose the two changes in the S/V
specitications required to assure:

a. That the greater ranges of the envelopes labeled A in the following figure are
reduced so that they more nearly coincide with the ranges of the envelopes labeled
B.

h. That the ranges of the envelopes labeled B are increased so that they more nearly
coincide with the ranges of the envelopes labeled A.

RESPONSE ENVELOPE B
RESPONSE ENVELOPE A

The procedures used to determine the above changes in the S/V specitications shall be
documented in detail.
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At the completion of the analvses. the government will choose the nuclear environ-
ment design specification tor the final production design, After the production drawings are
. complete. the contractor will repeat the response analyvses above on the final production
' desten. In addition to the mission completion atlowable responses required. the contractor
will provide the envelopes which are assoctated with system sure-sate. mission-kill. and
sure-Kill responses for vield/altitude/velocity combinations determined by the procuring
agency,

a. The tollowing information supplements the analyses discussed above:

1. The analyses shall. as a minimum. evaluate system avionics Gincluding ship's
power, communication. fire control, ECM, cte.), propulsion, ai-trame. tlight
controls, armament. and crew. It shall evaluate the etfecr of each pertinent

;o nuclear phenomenon on each mission critical part, componant. subsystem. and
svstem. to include the nuclear radiation (gamma and neutron. dosages and dose
rates, as well as electromagnetic pulse), thermal radiation. overpressure. and gust
velocity ettects.

2. Attention shall be given to synergistic coupling of component and subsystem
responses which may be within allowable responses when calculated individu-
ally. but not when coupled i.e.. blast arrival at a heated surface).

o 3. The analyses shall be conducted for the normal day criteria listed below:

Normal Day

Ground albedo 0.3
s Water vapor pressure (mm Hg) 5
- Visibility (miles) 10
o Haze layer height (feet) 10000

4. The thermal radiation calculations shall be based upon a camouflage paint sur-
o face condition (surface absorptivity 0.92),

7.8 SURVIVABILITY ASSESSMENT

. The tfollowing is a representative statement of the requirement tor a survivability
o assessment,
o “The survivahility of the system shall be assessed. The mission-threat data shall be used
in compunction with items such as tactics. mission profiles, mancuverability, detectables.,
T reliability, maintainability, ECM. ECCM. cte.

® ) Y

:-::: “The survivability assessment shall be accomplished using: 1) the results of the
- mission-threat and vulnerability analyses: (2) models of the detense svstems: and (3) models
-y of the threat encounter conditions, Survivability assessments provide data that permit deter-
{:-:: mination of the effectivencss of proposed survival enhiancement techniques under a variety
<. of threat and encounter conditions, Eftectiveness is measured in terms ol aircratt attrition
! and cost tactors, The methodology tor the survivability assessment shall be as specitied in
:-:i: 86
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the aireratt systems specification or selected by the contractor and submitted to the procur-
g activity tor approval. Basic methodologies and associated computer models, designated
as standard by the JTCG/AS., are available.™

7.8.1 Relationship to Missions

The missions for which the aircraft is designed can be related to the survivab ity
assessment through the tollowing:

“As a minimum, the assessment shall include four abbreviated scenarios tor cach of the
Jdeveloped missions. One scenario for cach mission shall correspond to the mission
profile identified in the Type Specification, the other three shall be excursions from the
basic mission protile. Appropriate threat deplovments shall be identified in the S/V speciti-
cation and approved by the procuring agency,

“Sensitivity analyses that show the effect of varying survival enhancement techn’ques.
attack protile. airspeed. altitude. and threat deployment. shall be conducted for cach scenar-
0. As a minimum. for the design configuration and ecuach survival enhancement technique.
attack profile. airspeed. altitude. and threat will have two excursions above the baseline and
two below. as approved by the procuring agency. All data shall be presented in a tormat
approved by the procuring agency.”

7.8.2 Data for Government Analyses
The procuring agency may desire to have survivability assessments performed by the
government. It so. there must be data requirements levied on the contractor such as the

following:

“The bidders (contractors) shall turnish input data required for this analysis consisting

ot

a. The arrcraft performance characteristics data furnished to satisty the performance
specifications.

b, Vulnerable arca tables,

¢, Atfreraft signatures (six views — tront. sides, top. hottom. and back or at specitied
azimuth/elevation aspects),

. Ultraviolet and infrared - uaxis curves illustrating the intensity in the O.1- to
10-micron range. one curve for cach view of the aircratt using (1) full military
power and (2) afterburners.

2. Radar — curves illustrating the radar cross-sectional arca for each of the views m
the €, L. and Sbunds,™
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8.0 SURVIVAL ENHANCEMENT VERIFICATION

The following specification statements are presented to assist the procuring agency in
the development of a verification or quality assurance requirement to demounstrate the
effectiveness of survivability enhancement features and the compliance with the
survivability /vulnerability (S/V) requirements. Each of these representative paragraphs or
sample statements is provided to serve as a guideline only, and s to be used only after
appropriate tailoring or modification to meet the needs of the specific procurement specifi-
cation for survival enhancement verification.

8.1 RESPONSIBILITY

*“The contractor shall be responsible for developing the validation plans for system

survivability features, They shall be submitted in accordance with the aircratt procurement
contract.”

8.2 GENERAL REQUIREMENTS STATEMENTS

8.2.1 Detectables

“Tests or analyses shall be performed as required by the S/V specification or statement
of work to verity that the specified levels of aircraft detection signatures have been
achieved.™

8.2.2 Survivability Aids

“Ground or tlight tests ot the aircraft system survivability aids shall be conducted as
required by the §/V specification to demonstrate and verify that their operation is within
the specitied limits,”

8.2.3 Nonnuclear Protection

“Tests and analyses shall be pertformed. as required by the S/V specification. to verify
that nonnuclear protection features comply with required levels. For ballistic protection
items. a sufficicnt number of test shall be performed to provide a high degree of confidence
in their results. Where Vg ballistic limits are specitied for aircrewmen. sufficient testing
shall be performed to obtain data sufficient to allow use of Vg ballistic limit values with a
high confidence level.”

8.2.4 Nuclear Protection

“Verifications of nuclear protection levels shall be accomplished by test or analyses as
required by the S/V specification and statement of work.”
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8.3 RELATIONSHIP TO PROGRAM PHASE

“Verification of compliance with nonauclear (conventional/laser) and nuclear weapon
hardening requirements shall be conducted as tollows. During the Conceptual Phase develop-
mental testing shall be accomplished. as required, to obtain material response and fuel
tankage fire, explosion, and hydraulic ram data to verify the design by analysis. During the
Rescarch, Development, Test, and Evaluation (RDT&E) Phase, the qualification category
shall be the evaluation for all methods (i.e., test. analysis, etc.); testing during this phase
shall be against replica targets to evaluate compliance with design configuration hardness
requirements. In the event that the design is inadequate to meet the specification require-
ments. the contractor is responsible for developing an improved design. and for noting any
associated penalties, for inclusion in the product design. During the Production Phase, the
qualification category shall be Formal Qualification for all methods (i.e.. test, analysis, etc.):
testing during this phase shall be against actual system components, unless otherwise speci-
fied by the procuring agency. Verification of weapon system hardening shall be accom-
plished by verification of compliance with specific system hardening requircments.”

8.4 VERIFICATION PROCESS

“The following represents the required program which must be accomplished by the
contractor:

a. The contractor shall prepare a detailed test plan appropriate for the phase of system
development (i.e,, conceptual, RDT&E, and production). The plan shall clearly
indicate the number of tests to be conducted, schedule. type of threat mechan-
ism(s) being examined, threat mechanism intensity, objective of test (i.e., material
response ), number of applications of threat mechanism to show statistical validity.
etc. The plan shall be approved by the procuring agency: and changes to the
schedule shall be made known to the procuring agency sufficiently in advance to
permit procuring agency personnel to attend the tests.

b. In support of the vulnerability analysis, the contractor will prepare. conduct and
report and test efforts necessury to obtain S/V data on parts. components. and
subsystems response which cannot be obtained analytically.

¢. Prior to aircraft first flight, tests shall be be conducted on the mission critical final
design configurations to verify that the system and subsystem designs meet the test
environment associated with the S/V specification,

d. In each of the test/verification ettorts of a and b above:

I. Methods of testing. facilities used. and test instrumentation will be tully
documented.

2. Criteria tor establishing failure modes shall be identified.

3. Procedures tfor comparing test data with analytical data shall be identified and
justified.

4. All tost ettorts shall be preceded by an analytical prediction of the results or a
fail/pass criteria, and an associated test environment specification to assure that
pertinent correlation and interpretation is possible,
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5. Test plan documentation procedures and results will be subject to the review of
the procuring agency.”
8.5 REQUIREMENT VERIFICATION

This section presents a set of qualitative vulnerability requirement verification
statements,

8.5.1 Detectables

8.5.1.1 Radar Cross Section. “*Compliance with the provisions for radar cross section re-
duction shall be verified by test and analysis,

8.5.1.2 Infrared Signature. “Compliance with the provisions for intrared signature reduc-
tion shall be verified by test and analysis.

8.5.1.3 Visual Signature. “Compliance with the provisions tor visual signature reduction
shill be veritied by test and analysis.

8.5.1.4 Aural Signature. Compliance with the provisions for aural signature reduction shall
be verified by test and analysis.

8.5.1.5 Electromagnetic Signature. “‘Compliance with the provisions for electromagnetic
signature reduction shall be verified by test and analysis.”

8.5.2 Survivability Aids

“Compliance with the provisions for survivability aids shall be verified by inspection.”
8.5.3 Nonnuclear Protection
8.5.3.1 Structure

“Compliance with the nonnuclear hardening requirements specified in shall be

veritied by test and analysis (number of shots. types. ete,).

8.5.3.2 Aircraft Subsystems
“Compliance with the nonnuclear hardening requirements specified in shall be
verificd by test and analysis (number of components, shots. threats, cte.)”
8.6 NUCLEAR PROTECTION VERIFICATION
8.6.1 Blast
“Compliance with the gust requirement shall be verified by structural dynamic

analysis, Compliance with the overpressure hardening requirement shall be verified by a
combination of analysis supported by testing, Test of matcerial specimens shall be conducted
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: to ostablish strength characteristics and simulated overpressure test of full-scale items shall

be conducted to establish dynamic response. Where a method of analysis has been veritied

::-. by test and is applicable to the design, verification by use of this analysis method without
o additional testing shall be sufficient.” .

8.6.2 Thermal Radiation
\

s “Compliance with the thermal hardening requirement shall be verified by a combina-
o tion of analysis supported by testing to obtain material response characteristics. Where a
o method of analysis has been verified by test and is applicable to the design. verification by
v use of this method without additional testing shall be sufficient.”

£- 8.6.3 Transient Radiation Effects on Electronics
- “Compliance with the transient radiation effects on electronics (TREE) hardening
o requirement shall be verified by a combination of tests and analyses:

'::-: a. Verification by analysis shall consist of review of data resulting from the design
& hardening effort. These data shall include. where available: (1) component selection

" criteria, (2) component (circuit piece/part) test data, and (3) circuit analysis results.

Additional circuit analysis shall be conducted. if required. to verify compliance
AR with the TREE requirement.

‘:'-‘_ b. In addition to verification by analysis. line replaceable unit (LRU) tests shall be

- conducted to verify compliance with the TREE hardening requirement during the
- RDT&E and Production Phases.

o ¢. Compliance with the TREE sccondary hazard shall be verified by analysis, This
».‘\- analysis shall show that response to the TREE environment will not prevent return
S and recovery of the aircraft.”

e
@) 8.6.4 Electromagnetic Pulse Hardening for Electrical and Electronic Equipment
cquipment shall be verified as follows:

- 4. Compilance with the EMP interface pin current requirements shall be verified by a
combination of tests and analyses:

4 . o . . :
= 1. Veritication by analysis shall consist of review of data resulting trom the design
- hardening eftort. These data shall include. where available:

e 4. Component test data,

b b, Circuit analysis results,

’.‘ <. Description of the application of surge protection devices,

- Additional circuit analysis shall be conducted. it required. to verify compliance
with the interface pin current requirement,

: 2. Compliance with the EMP interface pin current requirement shall be verified by
'.' analysis and a current injection test at cach cable interface of essential equip-
. ment. The cquipment shall be tested in all modes of operation. .o, switch
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positions, with the cables terminated in actual or simulated loads. These tests
shall be injected into cables by inductive coupling. from 10 kHz to 30 MHz:
above 30 MHz. capacitive coupling may be used. The minimum distance be-
tween the pulse generator and the test specimen shall be 3 feet, The shapes of -
the injected signal shall be a damped sine wave with the characteristics noted in
the following figure. The injection frequencies shall be 10 kHz. 100 kHz, 1 MHz,
4 MHz. 10 MHz, 50 MHz, and 100 MHz. One hundred pulses (damped sine
waves) 1 second apart shall be applied. Fifty pulses shall have the first half-cycle
of one polarity reversed. These pulses shall be applied with the power on and
repeated with the power off. It is not required that the currents be injected
simultaneously at each interface connector (i.e.. the test can be conducted at
one interface connector at a time). The test shall show that the design is not
vulnerable to the EMP induced interface pin current at or below the specified

o level.
.._"\".._.-
eI - - - - -~ . . ™
NN b. Compliance with the shielding effectiveness requirements for connectors shall be
.Y .. . . . -
o verified by analysis and connector shell tests in a quadraxial test fixture.
“‘.‘: ¢. Compliance with the equipment enclosures requirement shall be verified by an
ot analysis. This analysis shall demonstrate that a voltage of less than 1/4 volt across
R the longest dimension results from the specified 100 amperes per inch RF currents
o tor the physical dimensions and e¢lectromagnetic material characteristics of the
o enclosure,
L 4 1w pr—
50
[V 8
50 b=
-100

INTERFACE PIN CURRENT WAVESHAPE

92

¢ .- - - ¢
- i - N -
*. e et o e N
LA ol Gt e, PR “ . P L ' RN
LR T WL YR TR Y TR VY TEIN U N, 7 S G V. LRI Jiy S0 S S}




o a o P b ¥y
LI P

»

4

b alalafal s,

vy

l.l .
PR T S

P
€ a

r
2 s 2 s

v
LR

e ok

AU P Ear N o LA

AP NI

RO SV

[}

g

i}
.

RRERIAAv RS B

»

[

JTCG/AS-77-D-001

Jd. Compliance with the EMP field requirements for electrical and electronic equip-
ment shall be verified by a coupling analysis.

¢. Compliance with the deliberate antenna requirement shall be verified by an EMP
coupling analysis tonsidering the EMP free-tield and adjacent skin currents.

. Compliance with the EMP secondary hazard requirement shall be verified by
analysis. This analysis shall show that response to the EMP environments will not
prevent return and recovery of the aircraft,

¢. Compliance with the electrical disconnect EMP requirement shall be verified by test
in a quadraxial test fixture, Test data that resulted from design-to-effort or level-ot-
hardness tests and that show compliance with the specified requirement shall be
acceptable in lieu of this test.

h. Compliance with the shielding effectiveness requirements for wire bundles shall be
verified by analysis testing of the shield in a quadraxial test fixture,

i. Compliance with the EMP shielding effectiveness requirements for door seals and
structural joints shall be verified by analysis strip transmission line tests.

j.  Compliance of the weapon system tor the RDT&E and Production Phases shall be
accomplished by a full-field test on an appropriate test range.”

8.6.5 Crew Protection from Radioactive Particulate Matter

“Analysis and tests shail be conducted to verify the capability of the particulate
filter(s) to satisfactorily filter air contaminated with radioactive particles.”

8.6.6 Laser Protection

“Compliance with the high energy laser hardening requirement shall be veritied by
analysis during the Conceptual Phasc: a laser vulnerability assessment model approved by
the procuring agency shall be used to conduct the analysis. During the RDT&E and Produc-
tion Phases. verification shall be by test and analysis. Verification testing shall utilize airflow
as specified by the procuring agency.”

8.7 TEST PLAN REQUIREMENTS

“The bidder (contractor) shall develop a preliminary S$/V program test plan. It shall be
divided into two parts. RDT&E and production. The RDT&E testing shall include develop-
mental testing required to obtain design data on survivability enhancement techniques and
for evaluation testing of enhancement features where existing test information is not avuil-
able, The production phase test plan shall include those tests required for complete valida-
tion of the S/V design teatures. Where the RDT&E phase S/V evaluation tests indicate that
the required level of enhancement has not been achieved. redesign shall be conducted to
obtain the required protection. Cost and weight impacts shall be identified in sufficient
detail to permit adequate information for combat effectiveness and life cycle cost analvsis.
As a minimum, the test plan shall consider nonnuclear and nuclear testing.™
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8.8 BALLISTIC TESTING REQUIREMENTS

The following set of requirements statements represent a vulnerability verification
program for a helicopter procurement. They can be readily adapted to a fixed-wing aircraf't
procurement by tailoring the system and component references to the aircraft system of the
procurement. The threat must also be made to reflect the specific procurement.

8.8.1 Vulnerability Verification

“Component tests and analyses are required to determine aircraft vulnerable areas and
to show that the various aircraft systems will meet the required vulnerability, The purpose
ot this veritication program is to determine subsystem and component combat sensitivity
and verification of the design and materials to meet the required level of vulnerability. The
program shall include ballistic firing. damage tolerance. and controlled damage tests. The
test schedule should ensure that the design will meet the required vulnerability and that all
necessary design and material changes will be made and qualified prior to production air-
craft. These tests shall be conducted on full-size or simulated components (same material
and design as the actual components), and on complete subsystems or portions thereof. The
vuinerability reduction substantiation, verification. and demonstration tests should be in-
tegrated and “piggy-backed” on other existing endurance. fatigue. and failure tvpe test
programs to the tullest extent possible. The following is a brief description of the three
general types of test and their procedures,”™
8.8.1.1 Ballistic firing tests. “"Ballistic tests shall be conducted to determine if the critical
parts ol the component are damaged by an impact on the component when armor or other
integral shiclding is present, and to determine component or specimen failure mode. reuac-
tion. and sccondary effects as a result of the projectile impact. The **worst™ case conditions
shall be used for gunfire tests; considering projectile type, projectile orientation (straight-in
versus degree of tumble), angle of attuck. obliquity. projectile striking velocity. load and
speed characteristics. and the most vulnerable location. The gunfire tests shall be conducted
with the specitied threat and also with more lethal threats, sufficient to determine the
component or subsystem total vulnerability. The test should simulate the actual environ-
ment in which the component will operate tollowed by fatigue or endurance tests to failure
at typical conditions, The following is the test procedure to be followed to verify that the
fuel cell or portion of the fuel cell is ballistically protected against (14.5-mm) API) projec-
tiles,

a. For fucl cells which are 100 percent protected against (14.5-mmyu APD projectiles.
one round shall be fired for each 15 gallons of fuel capacity. A minimum of 4
rounds and a maximum of 10 rounds apply to this test.

b. For fuel cells which are only partially protected against (14, 3-mm N APD projectiles.
four rounds shall be fired,

F . %

L % v . ERY . -

b -, ¢ When the requirements specify four rounds, two rounds shall be 3/4 to tully tum-
M | p « o S y .
AN bled and two rounds shall be fired 90° to cell surtace, For additional required
b rounds. 50 pereent of the rounds shall be 3/4 to tully tumbled.

.

d. At least two of the rounds shall be fired into the corner area. and all rounds shall be
tired into the ballistically protected area or tor tully protected tuel cells. the rounds
shall be fired into the lower 1/4 portion of the cell,
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¢. The tuel cell shall be filled 2/3 tull with Type I tluid and the fuel cell shall be
mounted in an actual section of the aircraft structure, There shall be no cause for
rejection of a test round (i.e., the causes tor rejection of test rounds as stated in
MIL-T-27422B are not applicable). A damp seal is required in 2 minutes.

. This requirement shall be satisfied in addition to the qualification requirements
specitied in MIL-T-27422B in regard to (50 caliber) (12.7-mm) ballistic testing.

Photographs or movies showing damage, failure modes, etc., shall be obtained and submitted
as often as practical to document findings and verifications. Ballistic tests on armor mater-
ials shall be performed in accordance with 7-4.2.2.1 of AMCP 706-203.

8.8.1.2 Controlled damage tests. **Controlled damage tests simulate the secondary effects
of projectile damage. Where primary damage can be accurately predicted and is not solely
responsible for component or subsystem failure, tests shall be conducted without using
gunfire to initiate the failure sequence. Typical of these tests are oil leakage rate tests, oil
starvation tests, fucl leukage tests, fire probability detection, prevention. adequacy ot redun-
dant design. and hydraulic subsystem leakage/redundance adequacy. These tests shall be
conducted under the direction of cognizant (offeror) personnel of the particular functional
arcd. Whenever possible. they shall be *“piggy-backed’” on other endurance, tatigue, or failure
test programs.

8.8.1.3 Damuage tolerance tests, “Damage tolerance tests shall conform to the following
criteria:

a. This type of test shall be used to determine structure type component or specimen
failure mode. reaction, and any secondary effects following damage. Simulation of
ballistic damage may be used. This type of test is not a substitute for actual
qualitication but can be used in the carly stages of design to verify that the design
and material should qualifty.

b. The test should simulate the actual environment in which the component will
operate followed by static. tatigue, or endurance tests to failure at typical operating
conditions.

¢. Photographs or movies showing failure modes. etc.. shall be obtained and submitted
as often as practical to document findings and verifications.”

8.8.1.4 Tyvpical Critical Components. “The following is a list of systems with examples of
tvpical critical components which should be subjected. where applicable. to the above
design support and veritication tests.

a. Fuel system — fuel cells, fittings, pumps, sumps. and ullage inerting or void arca
protection systems.

b. Control system — rods. bell cranks. mixing units. combining units. actuators. pitch
change links, cables. and swashplate.

¢. Drive system — tailrotor driveshaft. hangar bearing assemblies. main transmission.
searboxes (nose. intermediate and tail rotor), lubricant sumps, and reservoirs.,
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- d. Support systems - hydraulic power packs, pneumatic subsystem components. wire .
bundles, fluid lines, generators, and solid state electronic components.

¢, Rotor blades and hub assemblies.

f. Crew stations — pilot/copilot scat armor, instrument panel material, canopy. and
! windshield.

- & Structural — fuselage. tailboom. structural attachment fittings for transmission.
O gearboxes.

h. Engine installation — mounts, separation structure. and controls,

. .. Ammunition teed and storage — ammo magazine. ammo conveyors, and missile
- pods.”

~ 8.8.2 Vulnerability Reduction Demonstrations

= “A vulnerability reduction demonstration shall be conducted with a tull scale test

article to assurc that the design concept. configuration, integration of subsystem designs.
- and subsystem designs meet the RFP requirements. The program shall include:

- 8.8.2.1 Controlled damage tests. “Controlled damage tests such as tinal qualification of a
gearbox that has lost lubrication operating capability. or dynamic capability of a damaged
- shaft shall be conducted on the Ground Test Vehicle (GTV).

A 8.8.2.2 Ballistic firing tests, “Ballistic firing tests or destructive type sccondary damage
tests shall be conducted on a full scale, realistic mockup. The static test article (STA) shall

- be modified and prepared for these final system qualification tests. Components for the
- various subsystems can be previously tested components which are representative of produc-
tion components (function. size, and strength). This demonstration may be conducted at a
= government facility and shall be conducted 180 days prior to the start of production.
- 8.8.2.3 Component selection. “Components shall be selected by determining critical shot
.- lines and analyzing these for several threats (7,62-mm and 12.7-mm API being required. and
'::- [ +.5-mm APl and 23-mm HEI for obtaining further verification of the vulnerability of this
v design), Additional components shall be included to determine the secondary effects such as
. jamming, spall. redundance, and separation. shiclding. and fire/explosion. Other conditions
._ to be tested are multiple subsystems “kills™ by a single projectile and by one subsystem
= killing another due to close proximity.
8.8.2.4 Operational subsystems test. “There are several subsystems which should be opera-
T tional because their reaction to ballistic testing might produce effects not otherwise readily
e determinable from the design drawings, Of primary importance shall be the electrical and
! hydraulic subsystems. These shall not be total installations but limited to those critical arcas
= where. it a component of these subsystems is impacted by a projectile or fragment. second-
- ary damuage and multiple kills could result. Tests which shall be conducted are as follows:
>
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e 8.8.2.4.1 *Fire/explosion prevention plus hydraulic ram effects — firing typicol threat

projectiles (7.62-. 12.7-, 14,5-mm API, 23-mm HED at tuel tank/structure above and below
tuel fevel under realistic environmental conditions.

8.8.2.4.2 *Crew compartment — firing typical threat projectiles to determine final level of
ballistic. spall. and debris protection. for the pilot/copilot with all shiclding (including

O armor) and hazardous items in their proper place. simulating items for shielding where
< practical,

)

:'_:.:'; 8.8.2.4.3 “*Support systems. control system, and engine - firing typical threat projectiles
e at various hydraulic and electrical system areas to quality adequate separation of redundant

[ components and prevention of one failed component from destroving a second one.

8.8.2.4.4 *Structural response to internal blast — firing typical threat projectile and simu-
lating with bare charges against critical areas of fuselage, tail boom, and tail pylon.

8.8.2.4.5 *Armor installations — in accordance with 9-12.2.3 of AMCP 706-203.

8.8.2.4.6 .*Vulidation requirements — in accordance with 9-12,2.3 of AMCP 706-203 ex-
cept that vulnerable area determination and penetration data shall be in accordance with the
Survivability Plan,”
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Appendix A

'KEY SPECIFICATION VARIABLES

The specification variables which affect the vulnerability of a given system on an
aircraft are generally related to the threat. the aircraft configuration, and the survival cri-
teria, These variables, as applicable to the given system. must be defined and quantified and
are as tollows:

a. Threat projectile caliber (7.62-mm, 12.7-mm. 14.5-mm. 23-mm. 37-mm. 57-mm.
ete.). class [ball. armor piercing (AP), armor piercing incendairy (API), high explos-
ive (HE). high explosive incendiary (HEI), etc.], and model type (identifies mater-
iuls. component weights) for which protection is required.

b. Fragment threats in terms of weight, dimensions, material. and hardness.

<. Impact velocities for projectiles and fragments.

Jd. Design impact obliquities.

¢. Ballistic protection level and limits (see Appendix B for definitions).

. Number of projectile or fragment hits for which the system must be designed.

o, Slant range between the aircratt and the ground-based guns.

h. Adrcratt velocity vector.

Representative values for the above weapon variables are summarized in Appendix C.
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Appendix B

DEFINITION OF TERMS

APIL - armor piercing incendiary projectile.

APLT - urmor picrcing incendiiry tracer projectile.

Ballistic limit - the striking velocity of a fragment or projectile below which partial
(rather than complete) penetrations ot the target will predominate. Frequently ex-
pressed as a Vx ballistic limit where the X' subscript denotes the probability of
complete penetration for a fragment or projectile of striking velocity **V”. For ¢xam-
ple. Vg3 denotes a velocity at which there will be 5 percent complete penctrations and
95 percent partial penetrations expected for the target material.

Ballistic protection — the reduction of vulnerability to threat mechanisms associated
with ballistic impacts.

Ballistic resistance or ballistic protection level - a measurc of the cability of a material
or component to stop or reduce the impact velocity and mass of an impacting projectile
or fragment.

Conditional kill probability — the probability of obtaining a specified level of damage
on a target or target element given a hit on the target by a threat mechanism (damage
mechanism),

Crashworthiness — the ability of an aircraft or aircraft subsystem to survive a crash
landing,

Damage mechanisms or threat_mechanisms — those primary or sccondary physical
mechanisms generated by a weapon system that may be imposcd upo:. aircraft svstem.
Primary damage mechanisms are those damage or impairment-producing sources direct-
lv generated by a threat system. Secondary damage mechanisms are those damage or
impairment-producing sources generaged by interaction of an effect of a primary dam-
age mechanism with an aircraft component or element (i.e.. tire, smoke. spali. ete. )

Damage mode and effects analysis (DMEA) — the analysis of an aircraft system con-
ducted to determine the flight and mission essential components. extent of damage
sustained trom given levels of hostile weapon damage mechanisms (nonnuclear. nuclear.,
or high energy laser). and the etfects of such damage modes on the continued con-
trolled tlight and mission completion capabilitics of the aircraft system.

Detectables ~ any atreraf't or aircraf’t subsystem characteristic or signature which can be
wsed to detect, identify, tract. or provide guidance to the aircraft target,
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11, Failure mode and eftects analysis (FMEA) — a systemutic quantified determination of
the probabilities and severities of the component. subsystem. and system failures based
upon assumed levels of damuge and the system operating as an integral part of the
atrcraft, )

12, HEI - high explosive incendiary projectile.
13, HELT — high explosive incendiary tracer projectile.

14. Hydraulic ram — the development of shock waves of potential destructive intensity in
liquid tanks. components. and lines by the passage ot ballistic penctrators through the
liquid. The kinetic energy of the penetrator is converted by hydraulic pressure energy in
the liquid as the penetrator is slowed by viscous drag.

—_—
N
.

Impact obliquity — the angle between a shot line through a component and the normal
vector to the component at the point of shot line intersection.

16, Kill criteria — a measure of the degree to which a target or target clement sufters
performance degradation due to threat-associated damage mechanisms.,

17. Presented arca — the area of a target element projected on a plane perpendicular to the
attack aspect.

18, Spall — material detached or delaminated in the area surrounding the location or impact
with a threat-associated damage mechanism,

19. Survivability ~ the capability of an aircraft to avoid and withstand a man-made hostile
environment without sustaining an impairment of its ability to accomplish its desig-
nated mission,

20. Survivability enhancement — any technique. feature, or equipment employed to im-
prove an aircraft’s capability of surviving in a man-made hostile environment. This can
be through the reduction of detectables, the employment of survivability aids such as
countermeasures. or the reduction of vulnerability to the threat weapon damage mecha-
nisms,

21. Susceptibility — the combined characteristics of all of the factors that determine the
probability ot hit of an aircratt component by a given damage mechanism,

22. Tipping plates — elements of an armor protection system which introduce yaw or
tumbling on a projectile to reduce its subsequent penetration capability.

23. Ullage — the volume within a fuel tank above the fuel level: usually a fuel vapor-air
mixture,

24, Vulnerable arey — a quantitative measure of the ballistic vulnerability of a target or
target element expressed in areal dimensions (square fect, square meters, cte.). Typical-
ly. vulnerable area is computed as the product of the presented area of the target ina
plane normal to the trajectory of the ballistic threat mechanism and the probability of
kill of that component given a hit on the target by the ballistic threat mechanism.
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25. Vulnerability -- the characteristics of a system that cause it to sutter a finite level of
degradation in performing its mission as a result of having been subjected to certain
levels of threat mechanism in a man-made hostile environment.

26. Weapon effect — the reaction and interaction between damage mechanisms and the
target or target element which result in mission performance degradation,

(Additional survivability related terms are defined in Report JTCG/AS-74-D-002. Proposcd
MIL-STD-XXX, Aircraft Nonnuclear Survivability/Vulnerability Terms.)
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4 ' Appendix C
=
& " TYPICAL BALLISTIC DATA
°~'l
The tollowing data are presented to assist in establishing magnitudes and limits on
o threat weapon variables. Classitied threat descriptions should be consulted in the final
= preparation of specifications.
1. TYPICAL THREAT PROJECTILES
g- 7.62-mm: Soviet 7.62-mm X39 Ball. Short. Type PS
= Projectile weight — 122 grains
o Core weight — 55 grains (mild steel)
T Velocity at 2000 feet — 970 ft/sec*
Muzzie velocity — 2340 ft/sec
’i *Fired from Ak-47 ritle
. Soviet 7.62-mm API. Type B-32 with steel core
Projectile weight — 155 grains
Core weight — 84 grains (mild steel)
) Velocity at 2000 feet — 1550 ft/sec
b Muzzle velocity — 2880 ft/sec
T Chicom 7.62-mm X54R. APL Type 53
:;. (copy of Soviet 7.62-mm APL Type B-32)
-3 U.S. and NATO 7.62-mm AP M61
¥ Velocity at 2000 feet — 1440 ft/sec
: Muzzle velocity — 2800 ft/sec
t:'. 12.7-mm: Soviet 12.7-mm APl B-32 or APL-T BZT-44
o Velocity at 2000 feet — 1880 ft/sec
- Muzzle velocity — 2680 ft/sec
g
o 14.5-mm: Soviet 14.5-mm API B-32
s Velocity at 2000 feet — 2450 tt/sec
- Muzzle velocity — 3260 ft/sec
- Soviet 14.5-mm APl BS-41
" Velocity at 2000 feet — 2370 ft/sec
L ] Muzzle velocity — 3280 ft/sec
- 23-mm: Soviet 23-mm API-T BZT
- Projectile weight — 2950 grains
[-.- Velocity at 2000 feet - 2320 tt/sec
-7 Muzzle velocity — 3280 ft/sec
4
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Soviet 23-mm HELT. Type OFZT with MG-235 fuzing

Soviet 23-mm HEL-T. Super-quick tuzed projectile with A-23 or K-23 fuzing

37-mm: Soviet 37-mm HE-T, Type OR-167 with MG-37 fuzing

[The above data are from AMMRC — Report 73-47, Ballistic Technology of Lightweight

Armor - 1973(0).]
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Appendix D

KILL CRITERIA

The term kill criteria. or kill level, has been defined as the measure of the degree to
which a target or target element suffers performance degradation due to threat-associated
damage mechanisms, There are two general categories of kill criteria: those applicable to a
nuclear weapon threat and those applicable to nonnuclear weapon threats,

NUCLEARKILL LEVELS

The following three kill levels have been established to measure the response of the
aircraft target or its sub-elements to nuclear weapon effects.

a. Sure-safe — that level of response to nuclear weapon effects where no appreciable
damage is sustained, and the aircraft is capable of being refueled and reloaded
within the normal turnaround period for operational flight.

b. Mission kill — that level of damage to the aircraft that results in conditions that

prevent the mission objectives to be attained. but allows continued controlled
tlight.

<. Sure kill — that level of damage to the aircraft that causes it to immediately fall out
of control.

NONNUCLEARKILL LEVELS

Attrition Kills

This category covers those aircratt which have sustained combat damage so extensive
that it is not reasonable or economical to repair them. The attrition category is divided into

five levels of kill. The first four are sequentially inclusive and time dependent. These kill
levels are:

2. KK-kill — damage that will cause the aircraft to disintegrate immediately upon
being hit, Examples of components which, when damaged. could cause such level of
kill would be the structures for both ftixed wing (F/W) and rotary wing (R/W)
aircraft,

b. K-kill - damage that will cause an aircraft to fall out of manned control within 30

seconds after being hit. Examples of components that when damaged could cause
such a level of kill are:

1. F/W - pilot (single). structure. engine (single), ammunition.
2. R/W - pilot, structure. main rotor group. ammunition,
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¢. A-kill — damage that will cause an aircraft to tall out of manned control within §
minutes atter being hit. Examples of components that whe.: damaged could cause
stch a level of Kill are:

1. F/W — engine. tuel. controls (mechanical or hydraulic).
2. R/W - engine, fuel. controls (mechanical or hydraulic).

d. B-kill — damage that will cause an aircraft to fall out of manned control within 30
minutes atter being hit. This category of kill does not apply to rotary wing aircratt.
Examples of components that when damaged could cause such a level of kill are:

1. F/W — same as for A-kill plus other engine and fuel system components.
2. R/W — same as tor A-kill plus other engine and fuel system components.

¢. C-kill — damage that will cause an aircraft to fall out of manned control before
completing its mission,

. E-kill — combat damage that will cause the aircraft to sustain additional levels of
damage upon landing and that will make it uneconomical to repair the aircraft as
specified by the applicable Technical Orders (TO). Technical Bulletins (TB). and
Regulations. Examples ot components that when damaged could cause this level of
Kill are (for fixed wing aircraft) landing gear. flight controls. and control surfaces.

Forced Landing

This category covers those aircraft which as the result of combat damage. are forced to
execute a controlled landing (powered or unpowered). This category includes situations
where the aircratt damage will require repairs for tlight to another arca or. if the aircraft
cannot be repaired on site, will be recovered by a special team, Examples of components
that when damaged could cause such a kill are:

a. F/W - hydraulics. fuel lines, electrical system. engine,

h. R/W - engines (single), main transmission. tail rotor drive (inctudes gearboxesi.
control systems,

Mission
This category covers those aircraft which, due to combat damage. cannot complete

their designated missions. This category is mission-dependent and has been divided into two
levels. mission abort and mission Kill,

a. Mission abort — this level covers those aircraft which are not lost to the inventory
but. due to combat damage, cannot complete their designated ntissions.

b. Mission kill — this level covers those aircraft which due to combat damage. tull out

of manned control before completing their missions. ( This kill is frequently reterred
to as a C-kill.)
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Mission Available

\ This category covers those aircraft that have lunded with combat damage and wiil
e require repairs before returning to mission-ready status. There are ditterent levels tintervals)
L of mission availability which are expressed as MAx. The subscript =X is the interval of
g time which may be expressed in elapsed time. total man-hours, or combinations thereof.
‘ This category assumes that the necessary personnel. equipment. and parts are available to
A pertorm the repairs.
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Appendix E
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Francis S. Mascianica. Ballistic Technology of Lightoweight Armor 1973 (U), AMMRC
TR-"3-47, Army Materials and  Mechanics  Research  Center. November 1973,
CONFIDENTIAL.

. Hclicoprer Engineering Qualification Assurance, AMCP 706-203.

. J. W, Turnbow. et al, Crush Survival Design Guide, USAAMRDL TR 71-22. U.S. Army

Air Mobility Research and Development Laboratory. Ft Eustic, October 1971.

Technical Manual  Structural Repair  Instructions,  CombatBattle  Damage. T.0.
IF-111A-3-1. 20 September 1968 with revisions dated 4 April 1969 and 23 May 1969.

. Combar Damage Repairs for F-4C Aircraft. Report E213. McDonnel-Douglas Aircratt,

19 November 1965.

The following specifications and standards are referenced in the requirements

statements:

I

7]

A

0.

MIL-A-8591. Aurborne Stores and Associated Suspension Equipment. General Design
Critenia tor.

. MIL-A-8806. Acoustical Noise Level in Aircraft, General Specification for.

MIL-A-8860. Airplane Strength and Rigidity. General Specification for.
MIL-A-19879, Armor. Body. Fragmentation Protective: Lower Torso.
MIL-B-43366. Body Armor. Fragmentation Protective. Groin.

MIL-C-18491. Curtain. Flak Protective,

. MIL-C-22284. Container. Aircratt Fire Extinguishing System. Bromotritluormethene.

CF 3BR.

. MIL-C-22285. Extinguishing System, Fire. Aircratt, High-Rate Discharge Type. Instal-

lation and Test of.

. MIL-C-83124. Cartridge Activated Devices/Propellant Actuated Devices. General Design

Specification tor,

MIL-C-83125. Cartridge tor Cartridge/Propellant Actuated Devices. General Design
Specitication for.

. MIL-C-83291. Covers, Self-Sealing. Fuel Line, Aircraft.

MIL-D-8683. Design and Installation ot Gaseous Oxygen Systems in Aircratt, General
Specitication tor.

MIL-D-19326, Installation and Tosts of Liquid Oxygen Systems in Aircratt. General
Specitication for.
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: 14, MIL-D-27729. Detection System. Flame-Smoke, Aircraft and Aerospace Vehicles. Gen-
eral Performance of.

‘-.:j'_, 15. MIL-E-3007. Turbojet/ Turbotan Engines. General Specitication for.

16. MIL-E-8593. Turboprop/Turboshaft Engines, General Specification for.

17. MIL-E-9426. Escape System. Requirements Conformance Demonstration and Perfor-
mance Tests.

'- 18. MIL-E-18927. Environmental System, Pressurized Aircraft. General Requirements for.

19, MIL-E-25499. Electrical System. Aircraft Design and Installation of. General Speciti-
A cation for,

20. MIL-F-7872. Fire and Overheat Warning Systems, Continuous. Aircraft. Test and
- Installation.

‘- 21. MIL-F-8785. Flying Qualities of Piloted Airplanes.

.o 22, MIL-F-9490. Flight Control Systems-Design. Installation and Test of. Piloted Aircraft.
General Specification for.

'.:j-': 23. MIL-F-18372. Flight Control System. Design. Installation and Test of. Aircraft. General
' o Specification.
-;::»' 24, MIL-F-23447. Fire Warning Systems. Aircraft Radiation Sensing Type. Test and Instal-

lation of.
: 25. MIL-F-38363. Fuel System. Aircraft. General Specification for.
OV 26. MIL-F-83300. Flying Qualities of Piloted V/STOL Aircraft.
27. MIL-G-5485. Glass. Laminated. Flat. Bullet Resistant.
28. MIL-G-83363. Grease. Transmission, Helicopter.

L 29. MIL-H-5440. Hydraulic Systems. Aircraft Types [ and 11, Design. Installation. and Data
Requirements for.

30. MIL-H-7061. Hose. Rubber, Aircraft, Self-Sealing. Aromatic Fuel.

-7 31. MIL-H-8501. Helicopter Flying and Ground Handling Qualities. General Requirements
® for.

}.::; 32, MIL-H-8785. Hyvdraulic Systems Components, Aircraft and Missiles. General Specifi-

: ::.-; cation for.

:‘ 33. MIL-H-8890. Hydraulic Components. Type Il (-65° to +450°F), General Specification

: for.
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- 34, MIL-H-8891. Hydraulic Systems. Manned Flight Vehicles, Tyvpe T Design. Installation.

- and Duta Requirements tor.

35, MIL-H-1X288. Hose and Assemblies. Aircratt, Self-Scaling. Aromatic Fuel. .
; 36. MIL-H-18325, Heating and Ventilating Systems. Aircraft.

;i::: 37. MIL-H-83282. Hvdraulic Fluid. Fire Resistant Synthetic Hydrocarbon Base. Aircraft.

':j‘_-:: 38. MIL-1-8675. Installation. Aircratt Armor.

39. MIL-1-8700. Installation and Test of Electronic Equipment in Aircraft. General Specifi-
_&‘ cation for.

- 40. MIL-1-83294. Installation Requirement. Aircratt Propulsion Systems. General Specifi-
- cation for.

41. MIL-L-7808. Lubricating Qil, Aircraft Turbine Engine. Synthetic Base.
42. MIL-L-23699. Lubricating Oil. Aircraft Turbine Engines. Synthetic Buse.

43. MIL-P-3518. Pneumatic Systems. Aircratt. Design. Installation. and Data Requirements
Ch for.

{ 4. MIL-P-8564. Pneumatic System Components. Acronautical. General Specification for.
»:_f 435. MIL-P-263066. Propeller Systems. Aircratt, General Specification tor.

!l}l

YA N A IR

46. MIL-P-46111. Plastic Foam, Polyurethane (for use in aircratt).

‘
(]

/ 4

47. MIL-S-8698. Structural Design Requirements, Helicopters.
48. MIL-$9479. Seat System, Upward Ejection. Aircraft, General Specitication tor.

o 49, MIL-S-18471. System. Aircrew Automated Escape. Ejection Seat Tvpe. General Spcéiﬁ-
cation for.

s

L

o 30. MIL-S-38095. Scat System. Crashworthy. Non-Ejection. Aircrew. General Specitication
e tor.

j:::_- 51. MIL-T-5578. Tank. Fuel Aircraft. Selt-Sealing.

; 32, MIL-T-5579. Tank. Selt-Scaling Oil. Aircraft.

N
‘o

MIL-T-5955. Transmission System. VTOL-STOL. General Requirement for.

Pl
+

MIL-T-25783, Tank. Fuel. Aircraft and Missile Non-Selt-Scaling, High Temperature.

]
tn

. MIL-T-27422. Tank. Fuel, Crash-Resistant. Aircratt,
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56. MIL-W-3088. Wiring, Aircraft. Selection and Installation of,

. MIL-W-138535. Weapon, Small Arms and Aircraft Armament Subsystems. General Speci-
fication for.

. MIL-STD-188. Military Communication System Technical Standards.

. MIL-STD-461. Electro-Magnetic Interference Characteristics. Requirements  for
Equipment. *

. MIL-STD-850. Aircrew Station Vision Requirements for Military Aircratt.

. MIL-STD-890. Environmental Control, Environmental Protection. and Engine Air Bleed
Subsystem Analyses,

. MIL-STD-1288. Aircrew Protection Requirements, Nonnuclear Weapons Threat.

. MIL-STD-1389. Design Requirements for Standard Hardware Program. Electronic
Module,

. MIL-STD-1511. Inflight Emergency Escape Systems. Aircratt. Requirements for.

5. MIL-STD-1512. Electroexplosive Subsystems. Electronically Initiated. Design Require-

jo

ments and Test Methods.

. MIL-STD-1631t. Procedure for Sclection of Electronic and Electrical Parts During
Equipment Design.







